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CHAPTER I. INTRODUCTION 
Public and private range!ands have a long history of grazing use, 
regardless of economic and social factors. Forage grazing is an inte­
gral part of the operation of thousands of ranch families whose liveli­
hood depends upon sustained yield of forage and livestock products. 
Range forage is used in combination with hay and feedgrains produced 
on croplands and allows profitable utilization of such feeds that might 
otherwise be difficult or uneconomical to market. 
According to Baker (1976), the bright future of the livestock in­
dustry in the United States depends on the importance of conservation, 
efficient and wise use of range resources. 
The forage and livestock production (industry) has a 
great opportunity to continue to be an important source 
of protein in human diets. Resources most available in 
the long range for animal production will be grass and 
forage resources. The next quarter century may be some­
what of a transition period as grain use by humans in­
creases and by animal decreases. Future beef cattle 
and sheep production will center in regions such as the 
Great Plains, where pasture and rangeland is a dominant 
resource with little or no alternative use in world food 
production, (p. 73) 
He cautioned, however, that attention must be given to maintaining 
basic resources in a productive, renewable form without damaging the 
environment. 
Range Land 
The term "range" as originated in the United States traditionally 
carries a strong connotation of land used primarily for livestock graz­
ing. A broad definition of rangeland is a land area dominated by native 
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vegetation (e.g., grasses, grasslike plants, forbs, herbs and shrubs) 
that is suitable for grazing. Native plant communities are longlived, 
persist and improve under judicious grazing management. Some range-
lands have been or may be seeded with longlived perennial native and 
introduced species. Pasture, on the other hand, is a community of one 
or more introduced forage species. 
Rangeland, the largest single category of land in the United States, 
has very limited alternatives for contributing to the welfare of man 
other than by way of grazing animals and maintaining a high quality 
environment. Ruminant animals are the only creatures capable of effi­
ciently and economically converting plant nutrients on millions of acres 
of rangeland to animal protein for man's sustenance. Thus, range 
resource use should be balanced within the constraints of responsible 
stewardship so that long term productivity can be maintained. 
When efficiently developed and managed, rangelands are competitive 
with other forage sources, and they can be grazed under systems that 
enhance the total range environment. With proper management of the 
vast range lands, mankind can be assured of low cost protein, an ade­
quate supply of clean water, wildlife and a vast area of open space for 
personal pleasure. 
Nation's Forage Supply 
The use of range and forest land for grazing provides 76% of rough­
age needs for livestock production in the nation (Blaisdell et al., 1970). 
Figure 1 shows the present production of the rangelands in the 
Pounds Per Acre 
Greater than 2000 
a • 800-2000 
ra 400-800 
I 1.0-400 -
CO 
Figure 1. Forage production in the United States, under prevailing vegetation cover and range 
condition, 1976 (Forest Service, 1980) 
4 
contiguous states. The rangelands having the highest production of 
herbage and browse (forage) are the grasslands in the Central Plains 
and in the coastal and near coastal Southern and Pacific Southwest areas. 
In 1976, all grazing in the contiguous United States amounted to 976 
million animal unit months^ (Table 1). This is approximately equivalent 
2 to 390.4 million tons of non legume hay. At current grass hay price of 
$50/ton, the value of this production is 19.52 billion dollars. Range 
grazing alone in 1976 generated 4.3 billion dollars worth of forage in 
the contiguous United States. 
Grazing of livestock (expressed here in animal unit months) is an 
intermediate output from forest-range ecosystems. Consideration, there­
fore, is given to the outlook for livestock production and its implica­
tions for grazing. Projected growth in population and income will con­
tinue to expand markets for agricultural products. Rising incomes will 
permit shifts in the composition of human diets. More foods of higher 
value, such as meat, will be consumed. Despite alternative sources of 
protein for human diets, livestock product will continue to be important 
to both the farmer and the consumer during the next few decades. 
The U.S. Forest Service recently completed an Assessment of the 
Forest and Range Land Situation in the United States (Forest Service, 
1980). In this assessment, projections are made concerning the demand 
^Animal unit month (AUM) is defined as amount of air-dry forage 
needed to support an adult cattle (1000 pound cow) for one month. 
p 
One AUM is converted to nonlegume hay equivalent at a rate of 
2.5 AUMs per ton of nonlegume hay (personal correspondence with Dr. 
Thomas Bedell, Extn. Rangeland Resource Specialist, OSU, Corvallis, 
Oregon). 
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Table 1. Projected increases in demand for range grazing in the United 
States to 2030 under alternative assumptions of population 
and economic growth (Forest Service, 1980) 
Million animal unit months - AUMs^ 
Range 
Low — 275 287 284 282 280 
Medium 213 270 287 290 295 300 
High — 277. 301 313 329 347 
Non-range 
Low — 1,036 1,112 1,136 1,130 1,118 
Medium 763 1,018 1,111 1,158 1,179 1,201 
High — 1,042 1,166 1,250 1,317 1,388 
All grazing 
Low — 1,311 1,399 1,420 1,412 1,398 
Medium 976 1,288 1,398 1,448 1,474 1,501 
High — 1,319 1,467 1,563 1,646 1,735 
^An animal unit month is the amount of air-dry forage required by 
a 1,000-pound cow or equivalent in one month. 
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for range grazing under alternative assumptions of population and 
economic growth. This is shown in Table 1. 
By reviewing even the low demand projections, it can be seen that 
grazing is expected to become more important in the future. Using 1976 
as a base, a 32 percent increase in demand for animal unit months from 
all grazing is projected for 1990 under medium demand assumptions. A 
43 percent increase is projected from 1976 to 2000. Increases in demand 
for animal unit months from rangeland alone from base year 1976 are 27 
percent and 34 percent for the year 1990 and 2000, respectively, under 
the medium demand assumptions. 
In order to meet these increased demands, changes need to occur in 
range management practices- Productivity per unit of land must increase 
to supply the projected animal unit months. These changes, of course, 
will be closely related with other changes in the structure of agricul­
ture, technology, and the economy as a whole. The fluctuating nature of 
the cattle market, rising input costs of livestock production such as 
feed grains, capital, and energy, changes in per capita income and 
environmental concerns are some of the important variables that can be 
expected to influence range management. Changes in range management 
may influence such variables as the regional distribution of livestock 
production, demand for feed grains, resource prices and enviornmental 
quality. An aspect of these changes is examined in this dissertation. 
More specifically, this study analyzes the impacts that occur to the 
grazing sector when attempts are made to manage livestock production 
under different environmental constraints in terms of soil erosion from 
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range ecosystems. 
Grazing Use of Range in the United States 
One of the most extensive uses of land in the United States is 
livestock grazing. In 1976, approximately 789 million acres of range-
land were grazed in the 48 contiguous states, more than twice the 
acreage used for crop production (Forest Service, 1980). Most of the 
range grazing occurs on nonfederal lands. Some 67 percent of all 
rangeland grazed in the contiguous states is in nonfederal ownership, 
nearly all private. These lands are concentrated in the Rocky Mountain, 
Pacific and Great Plains states (Table 2). Ninety-nine percent of the 
area grazed in the North and 91 percent in the South are in non-federal 
ownership. More importantly, nonfederal landowners own 98 percent of 
the range grazed in the six Great Plains states. This accounts for 25 
percent of all the range grazed in the contiguous states (Forest Service, 
1980). Some 258 million acres of federally owned range were grazed in 
1976. Almost 98 percent of the grazed federal^ lands are in the 17 
western states, and the remaining 2 percent are spread over 31 states 
east of the Mississippi River. 
The proportion of land in crops, range and pasture, forestry and 
other uses varies greatly across the country. Aggregate regional acre­
ages of the major categories and percentile distribution of acreages 
are shown in Table 2 and Figure 2. In 1977, privately owned range and 
^Publicly owned range and forest lands grazed are beyond the scope 
of this study. 
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Table 2. Major uses of land in 48 states fay regions, 1977 (NALS, 1980a) 
1,000 acres 
Northeast 16,916 5,835 63,164 23.781 
Appalachian 20,753 18,550 62,137 14,836 
Southeast 17,506 17,098 64,268 18,105 
Lake States 44,141 6,971 42,388 20,406 
Corn Belt 89,922 25,220 24,746 21,536 
Delta States 21,191 13,218 41,079 11,028 
Northern Plains 94,574 80,596 1,928 11,306 
Southern Plains 42,222 137,448 14,171 13,864 
Mountain 42,224 196,723 21,608 19,608 
Pacific 23,172 33,705 32,303 19,905 
U.S. total 412,621 535,364 367,792 174,375 
^Includes all private lands used for livestock grazing except 
forest lands. 
^Nonfederal forest lands and woodlands (including woodland 
grazed). 
^Includes farmsteads, urban development, water channels, rural 
transportation, other uses, etc. 
U.S. Total 
100% 
0% 
R 
Other Land 
Forestland 
Range and Pastureland 
Cropland 
Figure 2. Major uses of land in percentage by regions, 48 states, 1977 (NALS. 1980a) 
i£> 
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pasture land accounted for 36 percent of land area of the 48 states, 
most of the acreages located in the western regions such as Northern 
Plains, Southern Plains, Mountain, and Pacific regions. 
Land use in the United States is constantly changing among range, 
forest, and croplands. Changes in cropland pasture and grassland 
pasture are difficult to measure separately since they have been incon­
sistently interchanged in earlier agricultural surveys (Frey, 1979). 
Table 3 shows a trend in major uses of land in the United States since 
1900. When both types were combined, however, total grassland pasture 
and range!and decreased 20 million acres from 1950 to 1974 (Table 3). 
Much of the decrease in the combined acreage of temporary and permanent 
grassland pastures during 1950 to 1974 occurred in the Mountain and 
Pacific regions (Frey, 1979). The rest of the country experienced a 
small net decrease in grassland pasture and range!and. The grassland 
pasture and range!and decreased or remained virtually unchanged from 
1969 to 1974 in all but two regions east of the Rocky Mountains (Frey, 
1979). The exceptions were Northern Plains and Delta States, where some 
croplands were shifted or reclassified to pasture and rangeland due to 
excessive erosion (Bose, 1977). Although not always reflected in the 
regional estimates, perceptible shifts from forest to grassland pasture 
occurred widely in the area extending from the Ozarks to Georgia and 
Florida (USDA, 1973a, 1973b, 1973c, 1974). From 1967 to 1975, 
53 million acres were changed from cropland to pasture and range-
land and 8 million to forestland in the United States. A major portion 
of these shifts in acrease is attributable to severe erosion (National 
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Table 3. Trends in major uses of land. United States, selected years 
(Frey, 1979) 
Major land use 1900 1920 1940 1950 1959 1969 1974 
ri 1 1 M uii dur Co 
Cropland® 319 402 400 409 392 384 382 
Available grassland, 
pasture and ranged 832 731 719 701 699 692 681 
Forest and woodland^ 719 721 727 721 728 723 718 
Other landd 400 416 426 442 452 465 483 
Special use areas e —  —  —  —  — —  134 146 172 182 
Unclassified areas — — 308 306 293 301 
Total^ 2,270 2,270 2,272 2,273 2,271 2,264 2,264 
^Excludes cropland use only for pasture. 
^Grassland pasture and other nonforested grazing land plus crop­
land used for pasture. 
^Exclusive of reserved forest land in parks, wildlife refuges, and 
other special uses of land. 
"^Includes such special land uses as urban areas, highways, and 
roads, farmsteads, parks, and military reservations, and also land 
having little value for surface use (desert, rock, marshes, tundra, etc.). 
®Not available. 
^Changes in total land area are attributable to changes in methods 
and materials used in occasional remeasurements and to increases in the 
area of artificial reservoirs. 
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Agricultural Land Study (NALS), 1981b)-
Soil Erosion on Grazing Lands 
Soil erosion is defined as a process of detachment and transporta­
tion of soil materials by erosive agents such as water and wind 
(Ellison, 1947). The major factors affecting water erosion can be 
grouped into climate, soil erodibility, topography, soil surface cover 
and human interference, as shown in Figure 3. 
Water erosion 
There are four types of water erosion including sheet (inter-
rill), rill, gully, and stream channel erosion. Sheet erosion is the 
removal of a thin, relatively uniform soil layer from the land surface 
due to rainfall and runoff. Rill erosion is the removal of soil parti­
cles from very small channels or rill due to runoff. Two other concen­
trated flow-erosion processes are termed gully and stream channel 
erosion. While the distinctions between rills, gullies and stream chan­
nels are not definite, operational definitions are often adopted. Stream 
channels generally form a permanent feature of the landscape and as such 
are readily identifiable from observation or topographic maps. Under 
natural vegetation or uncultivated conditions, rills are often impossible 
or hard to recognize except during periods of overland flow. Gullies 
are often easy to identify because of their striking erosional features. 
More than 4 billion tons of soil are washed into tributary streams 
in the United States each year, and a substantial part of this comes 
from rangelands (Blaisdell et al., 1970). In 1977, the Soil Conservation 
SOIL EROSION 
Is a function of 
1 
Potential abi 
to cause 
' 
lity of water 
erosion 
Affected 
1 
by 
Dispersive effects of rain­
fall, amount and velocity 
of runoff 
Vulnerability of the soil 
to be eroded 
Determined by 
Soil 
properties 
~fr 
Rainfall 
character­
istic 
Slope and 
area of 
the land 
Ability of 
soil to 
absorb and 
transmit water 
X — 
Soil 
management 
Vegetation 
CO 
Land 
modification 
Determined by 
Has influence on 
Figure 3. Factors affecting soil erosion (adapted from Baver, 1965, and Hudson, 1971) 
u 
Service (SCS) estimated that a little over 1.4 billion tons or 35.33 per­
cent of total soil loss was attributable to range and native pasture 
land, while cropland contribution to the total soil loss was approxi­
mately 2 billion tons or 48 percent (Table 4). Table 4 indicates the 
aggregate soil loss and annual soil loss per acre by regions and by type 
of land use in the United States. The national average annual water 
erosion per acre from range and native grassland was 4.2 tons/acre, com­
pared to 4.62 tons/acre/year from cropland in 1977. 
Figure 4 indicates the statewide annual distribution of the sheet 
and rill erosion per acre from range and native pastureland with weighted 
regional averages. Regional averages vary from approximately 9 tons/ 
acre/year in the Delta States to 0.7 tons/acre/year in the Southeast. 
National or regional averages, more often than not, do not indicate the 
severe nature of the soil erosion problem in any particular area within 
the nation. Even some of the state averages are higher than 12 tons/ 
acre/year, e.g., Arkansas (17.98), West Virginia (15.30), and Colorado 
(13.17). States such as Arizona, California, New Mexico, and Mississippi 
are experiencing water erosion, on the average, greater than 5 tons/acre/ 
year from range!ands. 
Wind erosion 
To get a better picture of the severity of the soil erosion problem, 
the wind erosion estimates, collected in the 1977 National Resource 
Inventories (NRI) for the 10 Great Plains States should be examined 
(Table 5). Windblown soil not only pollutes the air, but also lowers the 
Table 4. Estimated average annual sheet and rill erosion, by regions (SCS, 1978) 
All Pasture Native pasture Forest 
cropland land and rangeland land 
Region 1,000T/ 
Yr. 
T/ac/ 
Yr. 
1 ,0001/ 
Yr. 
T/ac/ 
Yr. 
1,000T/ 
Yr. 
T/ac/ 
Yr. 
1,000T/ 
Yr. 
T/ac/ 
Yr. 
Northeast 7,537 3.80 642 0.92 323* 2.423 2,815 0.40 
Appalachian 38,534 8.28 16,327 4.71 2,6223 7.67* 20,249 1.84 
Southeast 27,949 6.11 1,881 0.60 522 0.70 6,382 0.50 
Lake States 38,915 2.73 2,004 1.07 970 1.91 7,970 0.59 
Corn Belt 139,656 7.35 18,225 3.91 1,630 3.75 15,558 2.90 
Delta States 59,356 8.43 8,757 2.23 4,866 8.97 19,093 1.36 
Northern Plains 81,513 3.50 3,496 1.52 33,952 2.50 1,159 2.12 
Southern Plains 74,480 3.58 11,202 1.02 202,295 5.34 5,518 0.97 
Mountain 8,735 1.32 479 0.52 92,489 5.20 6,790 3.04 
Paci fi c 8,453 1.12 334 0.32 42,197 3.50 13,232 1.99 
U.S. total 1,950,716 4.62 260,852 1.68 1,441,547 4.20 427,437 1.57 
^Native pasture only. 
Figures In parentheses are 
regional weighted average 
Figure 4. Estimated annual average per acre sheet and 
land by states and by regions (SCS, 1978) 
rill erosion on range and native pasture-
Table 5. Estimated average annual wind erosion, by selected states (SCS, 1978) 
All Pasture Native pasture Forest 
cropland land and rangeland land 
State 
1,000T/ T/ac/ 1,0007/ T/ac/ 1,OOOT/ T/ac/ , 1,000T/ T/ac/ 
Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. 
Colorado 99 ,179 8.94 0 0.00 25 ,773 1.64 898 0.27 
Kansas 84 ,760 2.94 0 0.00 15 ,265 0.99 0 0.00 
Montana 58 ,450 3.81 0 0.00 20 0.00 0 0.00 
Nebraska 25 ,903 1.25 0 0.00 4 ,163 0.19 0 0.00 
New Mexico 26 ,139 11.49 0 0.00 260 ,078 9.50 3,545 1.03 
North Dakota 47 ,317 1.76 0 0.00 2 ,812 0.27 0 0.00 
Oklahoma 35 ,091 2.97 0 0.00 172 0.01 0 0.00 
South Dakota 53 ,730 2.96 0 0.00 49 0.00 0 0.00 
Texas 453 ,906 14.92 0 0.00 228 ,774 2.40 0 0.00 
Wyomi ng 7 ,152 2.41 0 0.00 24 ,316 0.93 0 0.00 
Total 891 ,627 5.29 0 0.00 561 ,422 1.95 4,443 0.15 
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quality of the land and its capacity to produce. Proper management of 
range ecosystems, repairment and improvement of the previously damaged 
rangeland can alleviate this problem. 
In 1977, the National Resource Inventories (NRI) estimated that 75 
percent of the nation's pasture and rangeland have some major conserva­
tion problems and 69.9 percent need treatment to control soil erosion. 
Table 6 shows the regional acreages and percentages that need conserva­
tion treatments. The NRI estimates of conservation treatment needed in 
rangeland, in 1977, by land capability classes are 0.5 percent for land 
capability class I, 7.7 percent for land capability class II, 15.2 per­
cent for land capability class III, 14.0 percent for land capability 
class IV, and 62.5 percent for land capability classes V-VIII. The NRI 
estimates of flood-prone acreages are 31 percent in range and pasture-
land compared to 28 percent in cropland. 
Impact of soil erosion on grazing land 
Stallings (1950) documented that the erosive process was recognized 
as the most widespread and destructive agent of accelerated erosion of 
soil fertility and productive capacity of the land base in the United 
States. There is little doubt that grazing has an impact on the hydrologie 
behavior of the range ecosystem. Vegetation is the major deterrent to 
erosion. The amount of live plant and litter cover has been shown to be 
the most important site factor affecting erosion on rangelands in Utah, 
Idaho, and Montana (Copeland, 1965). Gifford and Hawkins (1978) sum­
marized much of the literature available on the relation of livestock 
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grazing intensity to infiltration and erosion rates on range!and. 
Results from studies from all regions of the United States are in­
cluded in this summary, with most of the studies occurring during the 
past 25 years. In almost all of 61 comparisons reported in 21 separate 
field studies, heavy grazing by livestock reduced infiltration rates 
below rates measured for ungrazed land and increased soil erosion. 
Most studies which have evaluated the relationships between graz­
ing, infiltration and erosion rates conclude that one or more of the 
following situations occur (Meeuwig and Packer, 1976): 
1. Through forage consumption and trampling action, graz­
ing removes vegetative cover which protects the soil 
surface from raindrop splash. Without the protection 
afforded by vegetation, raindrops detach soil particles 
upon impact with the soil surface. Detached clay and 
other fine particles may settle to the soil surface 
and clog pores. Compaction of the soil by raindrops 
speeds sealing of the soil surface and decreases in­
filtration. 
2. As infiltration decreases, excess water collects on 
the surface. At some depth, largely dependent on 
percent slope, this excess water begins to move across 
the soil surface. The greater the slope, the greater 
the velocity of the water. Also, the fewer obstacles 
available to detain flow (such as plant, mulch, debris), 
the greater the velocity. Generally, erosion poten­
tial increases as flow velocities increase. 
3. Surface flow alone does not lead to accelerated erosion. 
Intensive thunderstorms that occur on areas completely 
or nearly covered with vegetation may produce consider­
able overland flow, but the runoff water will be clear. 
The difference is usually attributed to the vegetative 
cover intercepting the raindrops and preventing soil 
detachment. Without continuous vegetative cover, rain­
drop splash occurs and detached soil particles are 
transported off-site by overland flow. Continued 
rain keeps the water agitated and prevents soil parti­
cles from settling to the soil surface. 
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4. Grazing animals also compact the soil surface through 
trampling activity. Compaction increases the bulk 
density (soil particles per volume of soil), decreases 
porosity, and breaks down soil aggregates (fine parti­
cles cemented together to form large particles). All 
of these effects reduce the rate at which water can 
infiltrate the soil and increase surface runoff and 
erosion potential. 
Packer (1951, 1963), Marston (1952), and Meeuwig (1970) reported that 
vegetative cover was the most important variable in explaining varia­
tion in infiltration and erosion rates measured in areas receiving 
different uses—particularly different grazing intensities. These 
results support the general conclusions outlined above. Most studies 
indicate that dead vegetation, litter or mulch, is as effective in pre­
venting raindrop splash and associated hydrologie effects as live 
vegetation. Knol and Hopkins (1959), Rauzi and Hanson (1966), and 
Johnston et al. (1971), examining Central Kansas, Southwest South 
Dakota, and Southern Alberta, Canada, respectively, reported that heavy 
grazing (compared to lighter grazing intensities) resulted in signifi­
cantly lower infiltration and higher erosion rates. 
These studies provide considerable information needed to analyze 
the relationship of grazing intensity to erosion rate and the modifying 
effect of vegetation on this relationship. 
Range grazing and its associated environmental effects are rapidly 
coming under increased public scrutiny. Grazing effects on erosion, 
runoff, on site water use and consequent downstream impacts are specially 
obvious and of concern. As these processes are affected by grazing, so 
are nutrient cycles, soil moisture patterns, erosion and sediment 
yields, downstream water quality, and on site productivity. Adams (1949) 
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indicated that a 6-inch reduction in topsoil reduced the yield of vetch 
and fescue forage 25 percent. The reduction in the forage yield is a 
result of a loss of nutrient-rich organic and clay particles that tend 
to be the soil particles dislodged and carried away by erosion. This 
loss of organic matter, nutrients, and water holding capacity results 
in lower productivity. 
Erosion costs 
Erosion always increases cost to the society by reducing the 
resource productivity. Acre-equivalent^ of soil productivity lost per 
annum from range and pastureland by water erosion alone is 147,000 
acres (NALS, 1980b). The loss of an acre-equivalent of pasture, 
range, or forest is, however, a permanent loss to the nation. 
On some soils the damage results largely from loss of fertility 
and thus fertility can be restored at a cost. It increases the cost 
of production. On other soils, the loss in productivity results be­
cause of decreases in rooting depth or soil water holding capacity. On 
some soil, even this decrease can be compensated for, but only at a 
great expense to the resource users and to the society. 
Nutrient loss 
The soil-nutrient loss is one of the costs that producers or users 
of rangeland resource must bear; 35.33 percent of the 4.08 billion tons 
^Acre-equivalent is based on the assumption that 6 inches of 
topsoil weighs about 1,000 tons, and that the loss of this amount 
of topsoil is equivalent to an irreversible conversion of an acre. 
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of soil lost annually originates from rangelands, the estimated value 
of nutrients lost is 5.5 billionJ English (1981) estimated $11.79 
billion loss in nutrient from agricultural and forest land (assuming 75 
percent of total 4 billion tons of soil lost annually). This nutrient 
loss in value terms could be overestimated because not all nutrients 
that are eroded, especially soil-fixed potassium, would be available 
for absorption by plants. The Council for Agricultural Science and 
Technology (1975) estimated the value of nutrients lost in 1974 at $1.2 
billion. 
Sedimentation 
Social costs of sedimentation and increased flooding have been 
estimated. The estimated value of damage caused by gully erosion, sedi­
mentation, and flood-water on the upper Mississippi River basin equaled 
to $14.1, $25, and $29.4 million, respectively (Stalls 1972). Approxi­
mately $250 million is spent annually for removal of sediment in the 
nation's waterways with total damages estimated at $500 million (Halt 
et al., 1973). The Resource Conservation Act Coordinating Committee 
(1980) estimated that total flood damages in 1975 exceeded $1 billion. 
A substantial amount of this damage is contributed by soil erosion from 
range and native pasture lands. 
Obviously erosion is not the only factor responsible for heavy 
flooding and other damages, but sedimentation in streams is one of the 
Vhis assumes a nutrient concentration in sediment of 0.10, 0.15, 
and 1.5 percent for N, PgOg, and K2O, respectively (Wadleigh, 1968), 
and 1979 prices of N, P2O5, K2O are $0.12, $0.23, and $0.10 per pound, 
respectively. 
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factors that reduces the water holding capacity of the river bed and, 
thereby, causing overflow during peak flow period. 
Erosion control 
On non till able land, it is necessary to protect the native vege­
tation by initiating a correct grazing method. Different combinations 
of grazing management strategies with environmental constraints have 
been developed to maintain livestock grazing fully consistent with the 
stewardship base of range ecosystems. These management strategies along 
with rangeland and resource classifications will be discussed in detail 
in the following chapter. 
On rangeland where erosion is potentially severe, soil stability, 
not forage production, should be the measure of correct use. Good land 
and vegetation management is the most effective and practical weapon 
available for conserving soil and moisture on the range ecosystems 
(Stoddart et al., 1975). 
Objectives of the Stucjy 
The objectives of this study are to evaluate the relationship of 
livestock grazing to the soil erosion rates, and the interaction among 
the crop sector, livestock sector, and range sector. 
With these objectives in perspective, this dissertation examines 
three solutions. It examines the impact of different grazing manage­
ment systems on three levels of allowed soil loss for the year 2000 
under moderate demand-supply scenario. Specifically, the study analyzes 
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the economic and environmental impacts of a range management strategy 
when soil losses are restricted to 2T^ and levels compared to the 
base solution. 
Three solutions are examined. The Base solution is an unconstrained 
soil loss solution under moderate demand-supply situation, and it is 
compared to other alternative solutions obtained at two different levels 
of soil loss. Once the Base solution is obtained, soil losses are re­
stricted to 2T and T levels. Thus, the alternative solutions, when com­
pared to the Base run, should provide a measure of opportunities foregone 
if soil erosion is not checked. 
Concept of Soil Loss Tolerance (T-value) - Soil erosion cannot be 
entirely controlled economically or even physically. Hence, soil 
scientists have developed a concept of soil loss tolerance. Soil loss 
tolerance (known as T-value) is defined as the maximum rate of annual 
soil erosion that will allow a high level of productivity to be sustained 
economically and indefinitely (National Agricultural Land Study, 1980b). 
No single tolerance rate is applicable'to all types of soil. It ranges 
from a low of 0.5 ton/acre/year to a high of 5 tons/acre/year on some 
soil. U.S. Department of Agriculture felt excess erosion over 2 
tons/acre/year to be the tolerance limit for rangeland (NALS, 1980b). 
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CHAPTER II. DEVELOPMENT OF RANGE BASE 
To study range resources in a systematic manner, it is necessary 
to develop a uniform framework of land base, range management levels, 
and costs. 
The basic conceptual framework and procedures used in this study were 
developed by a team of experts from the USDA Forest Service. It is known 
as the Forest-Range Environmental Production Analytical System (FREPAS) 
(Kaiser et al., 1972). The development of range resource inventories 
and outputs is documented in Forest Service (1977). 
Different sections of this chapter are devoted to the definitions 
and rationale used in the development of the range model for this study. 
Land Base 
In this study, the term "forest-range" covers all nonfederal land 
in the 48 contiguous states, that is in native and natural grasslands 
and forest lands, if at some stage of their natural succession, or if 
in response to management, they produce vegetation that is grazable by 
livestock. Excluded are croplands, publicly owned commercial and non­
commercial forest lands and woodlands leased for grazing, transportation 
system lands, improved pasture, and major waterways. The vegetative 
cover on the nation's forest and range lands is diverse, and is the 
result of a complex interaction of climatic factors, topography and soil 
factors. The classification system for forest-range land base used in 
this study is based on vegetation. Closely related plant communities 
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have been aggregated into a single ecosystem. Rangeland ecosystems 
are based on potential natural plant conmunities (PNC) termed 
"phytocoenoses" (Kuchler, 1964) (Appendix A). Table 7 shows ecosystem 
classification and ecological groups by geographical regions of the con­
tiguous United States. Detailed description of each ecosystem can be 
found in "Vegetation and Environmental Features of Forest and Range-
Ecosystems" (Garrison et al., 1977). 
This potential natural plant community is the basis of land units. 
Thus, a PNC is the vegetation community that would exist if man were 
removed from the scene and plant succession were compressed into a single 
moment. It is a valuable parameter in the model because it reflects 
the biological potential of a relatively uniform environment. 
Within each PNC delineation, the land areas have been further sub­
divided so that data could be analyzed on a production and condition 
basis. For the range ecosystems, productivity classes (PC) have been 
expressed in terms of traditional concepts of herbage production. Con­
dition class (CC) has been based on vegetation cover, composition, and 
vigor, as well as soil factors. For the forest ecosystems, productivity 
and condition classes have been defined in terms of volume of wood pro­
duced and timber stand size class. Categories for estimating the pro­
ductivity of an acre of forest-range ecosystems and for reporting condi­
tions are shown in Table 8. 
Acreages have been finally compiled by "resource units" (Figure 5). 
A resource unit identifies the acres of a particular ownership by pro­
ductivity class (PC), condition class CCC), ecosystems, and region. Thus, 
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Table 7. Ecosystem groups and ecosystems by name 
Name Name 
Western Forest 
Douglas fir 
Ponderosa pine 
Western white pine 
Fir-spruce 
Hemlock-Sitka spruce 
Larch 
Lodgepole pine 
Redwood 
Hardwoods 
Western Range 
Sagebrush 
Desert shrubs 
Southwestern shrubsteppe 
Chaparral - mountain shrub 
Pinyon - juniper 
Mountain grasslands 
Mountain meadows 
Desert grasslands 
Annual grasslands 
Alpine 
Great Plains 
Shinnery 
Texas savana 
Plains grasslands 
Prairie 
Eastern Forest 
White-red-jack pine 
Spruce-fi r 
Longleaf-slash pine 
Loblolly-shortleaf pine 
Oak-pine 
Oak-hi ckory 
Oak-gum-cypress 
Elm-ash-cottonwood 
Maple-beech-bi rch 
Aspen-birch 
Wet grasslands 
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Table 8. Productivity and condition classes of forest-range eco­
system 
Forest ecosystems Range ecosystems 
Productivity 
Mood 
Cubic feet per acre per year 
120+ 
85 to 119 
50 to 84 
0 to 49 
Herbage 
First quartile (high) 
Second quartile (moderately high) 
Third quartile (moderately low) 
Fourth quartile (low) 
Condition 
Timber 
Nonstocked 
Seedling, sapling and pole 
Saw timber 
Range 
Good 
Fair 
Poor 
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/PROD. CLASS 
H MH ML L 
RESOURCE UNIT 
K = Ecosystem 
H = High, MH = Moderately High, ML = Moderately Low, L = Low 
G = Good, F = Fair, P = Poor 
Figure 5. Disaggregation of ecosystems into resource units 
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the land inventory provides important dual properties: analysis could be 
accomplished on an ecological basis; and it could be transformed to 
meaningful geographic units for evaluation and presentation. Complete 
expansion of the land classification yields 3,852 resource units but 
not all combinations do exist. Data have been collected for 2,000 
resource units. 
Range Management Levels 
A management level is a feasible action or combination of actions a 
decision maker may elect to implement. A management level is a concept 
and is independent of location. When implemented in a given location on 
an individual resource unit (land-vegetation), a set of appropriate 
practices to meet the level of management is specified and resource out­
put predicted. Implied in the set of management levels defined for range 
are production goals as implemented through appropriate practices applied 
to the ground. 
Range practices used to develop management strategies 
Practices are specified treatments of range lands or mechanical 
structures necessary to achieve a particular management objective or 
level. Practices are defined and costs determined for each practice in 
each potential natural vegetation community (PNC) by resource unit (RU). 
For range management, 17 practices have been defined. Definitions and 
background rationale are presented in this section. 
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Definitions 
1. Fertilization - Application of nutrients or any type of soil 
additive by any means to improve soil productivity for grazing purposes. 
Unit: acre. 
2. Irrigation - Includes installation of systems and structures 
to supply water to moisture deficient areas. Unit: acre. 
3. Water control - This practice centers around draining or 
regulating water table. Bog or marsh drainage to improve forage (AUM) 
production and accessibility to livestock. Unit: acre. 
4. Mechanical vegetation manipulation (low cost) - This practice 
includes low cost woody or herbaceous vegetation control or manipulation 
such as bush hogging, mowing, light disking or other low cost mechanical 
activities. Unit: acre. 
5. Mechanical vegetation manipulation (high cost) - This practice 
uses heavy machinery to control or manipulate woody vegetation such as 
dozing, chaining, plowing and shearing. Unit: acre. 
5. Vegetation manipulation (chemical) - Includes practices where 
herbicides are used as the primary agent for control of undesired brush 
species. Noxious farm weed control is included where needed for forage 
enhancement or to complement other range practices. Application can be 
by aerial or surface techniques and in liquid or granular form. Unit: 
acre. 
7. Vegetation manipulation (biological) - Biological measures 
pertain to the use of insect, fungi, virus, etc., in the control of 
unwanted brush species. Unit: acre. 
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8. Vegetation manipulation (fire) - Includes use of prescribed 
burning for the purpose of destroying rough herbaceous residue, improve 
nutrient content and increase forage production. Unit: acre. 
9. Debris disposal - Includes disposal of debris resulting from 
some other treatment to increase forage yield, to make forage accessible 
to livestock, and to provide access for additional range treatment. 
Unit: acre. 
10. Mechanical soil treatment - This is the physical disturbance 
of the soil through practices such as chiseling, pitting, contour furrow­
ing, or other mechanical methods. These methods are designed to 
accomplish a variety of objectives such as preparing a seed bed, 
increasing water infiltration, controlling erosion, or improving micro­
climate. Unit: acre. 
n. Seedinq - Includes all seeding that is performed in conjunc­
tion with other treatments. Seeding methods include drilling, broadcast­
ing, and/or other techniques. Unit: acre. 
12. Rodent control - This practice is used to reduce rodent 
population density in order to improve range productivity. This tech­
nique is applied along with seeding. 
13. Insect and disease control - This practice is used to con­
trol insect infestation and diseases detrimental to forage and range 
resources. All treatment methods are included in this category. Unit: 
acre. 
14. Small water developments - Includes small dams, pits, minor 
spring development, shallow wells, and small water "catchments" which 
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would make a single stock watering site. Unit: site. 
15. Large water development - Includes deep wells, trick tanks, 
spring developments, large dams, seeps, ditches having water storage 
and distribution systems. Unit: site. 
16- Fences - Includes all types of range fences. Unit: site. 
17. Timber thinning - Includes reduction of tree canopy to 
provide space for remaining healthy trees. Only that portion of thinning 
that exceeds the requirements for tree production and is performed to 
increase forage production is considered a range practice. Only those 
costs in excess of tree production requirements are included. Unit: 
acre. 
Management Strategies 
From the almost infinite number of management alternatives, five 
management strategies are defined. Intensities vary from no livestock 
to maximum livestock production. 
Strategy A—Environmental management without livestock^ 
Livestock are excluded by fencing, riding, public education, and 
by incentive payments. The environment is preserved from natural or 
other man-caused disasters. Resource damage is corrected to maintain a 
stewardship base. The total cost of applying this strategy is borne by 
other functions (for example, watershed, recreation, timber management). 
^Management Strategy A is not considered in the present study be­
cause it does not include livestock production. 
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Strategy B—Environmental management with livestock 
Livestock is permitted at present capacity of the range environ­
ment. Investments for range management are minimal and only to the 
extent required to maintain the environment at a stewardship level in 
the presence of grazing. Costs of correcting resource damage result­
ing from past abuse are charged to other functions. Resources are 
protected from natural catastrophies. 
Strategy C—Extensive management of environment and livestock 
The goal is to maintain full plant vigor and to achieve full utiliza­
tion of grazable forage. Techniques such ^ fencing and water developments 
are applied as needed to obtain improved grazing systems and range con­
ditions. Relatively uniform livestock distribution and plant use are 
considered. No attempt is made to maximize forage production by cul­
tural practices such as seeding and fertilization. 
Strategy D—Intensive management of range environment 
and 1i vestock 
All available technology and practices for range and livestock man­
agement are considered and used as they may be cost efficient to improve 
livestock production, quality and utilization. Production of forage is 
maximized subject to the constraints of multiple use of range resources 
and maintaining the environment. Existing vegetation may be replaced 
with improved forage species. Better growing conditions and structural 
modifications can be made to accommodate complex livestock management 
and practices. Advanced livestock management practices are commonplace. 
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Strategy E—Environmental management and livestock 
production maximized 
The goal is to maximize production of livestock while maintaining 
soil and water resources. Improved forage species m%y be introduced. 
This level requires large investments for construction and implementation 
of improvements, cultural practices, and animal husbandry; but all prac­
tices used must be cost efficient. Multiple range resource used is not 
a constraint. 
The outputs production, management practices and management strate­
gies required have been assumed to be the same for a resource unit (RU) 
(which is PNC-PC-CC combination) no matter which forage supply region 
it is located in. 
Costs 
Cost information^ has been developed for each management practice 
after the assessment teams came up with the acreage and production data. 
The following table (Table 9) shows what information was gathered for 
range and timber resources. Certain calculations have been performed 
while merging the cost data with practice numbers^ and amount of practice 
used for different vegetation types, productivity classes, condition 
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classes, and ownerships. For cost calculation, practice numbers have 
full description of cost rationale, tables of practice and in­
vestment costs are included in Duran and Kaiser (1972). 
2 Practice numbers are in order with the number against each prac­
tice defined previously in this chapter. 
O 
In the present study, only nonfederal ownership is considered. 
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Table 9. Direct costs of forest-range practices® 
Items Costs Range Timber 
Skilled hours (of labor) X 
Unskilled hours (of labor) X 
Skilled dollars X 
Unskilled dollars X 
Equipment X 
Material X 
Equipment and material cost X X 
Annual maintenance X X 
Preparation and overhead X 
Total direct cost X 
Practice life (number of years) X X 
^Costs related to range practices used in rangelands under non­
federal ownership are only considered in this study. 
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been organized into two categories: 
(1) practice numbers 1-13, 17, and 
(2) practice numbers 14-16. 
A value called "Extent of practice" (EOF) has been calculated depend­
ing on the practice number category. If the practice number falls into 
category 1, then EOF = practice amount (this value from form 4) -f prac­
tice life (this value from cost data) f 100. If the practice nunùer 
falls into category 2, then 
EOF = (practice amount i practice life) i 100,000 . 
Following the EOF calculation, adjusted annual maintenance cost has been 
calculated by multiplying the original annual maintenance cost by EOF 
and that figure has been multiplied by cost practice life. Also, the 
first seven costs listed above on the table have been adjusted by multi­
plying them by EOF. Finally, total direct cost has been calculated by 
summing skilled dollars, unskilled dollars and equipment and material 
costs. 
Costs have been annualized because some strategies required a higher 
proportion of short-lived practices than others, and interest has been 
added to reflect the social cost of selecting those practices that tie 
up capital. For each strategy, the annual investment and maintenance 
costs for selected practices have been calculated. Management and super­
vision expenditures have been added. Average values have been presented 
I 
for a given resource unit. Costs for practices also have been assumed to 
be the same across regions within a resource unit (RU). 
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CHAPTER III. METHODOLOGY AND THE MODEL 
Knowledge of resources, resource capability, resource limitations, 
demands for numerous outputs, and the related costs is not meaningful in 
itself. It needs to be analyzed in a rational manner, and evaluated 
in relation to the needs of the society. This study sought ways in 
which commodities, resources, impacts and trade-offs could be considered 
in a logical quantitative manner. 
The research method of this study is based upon the theory of com­
parative advantage and employs the mathematics of linear programming. 
This model is developed on the basic framework of large scale inter­
regional linear programming models evolved from several years of research 
at the Center for Agricultural and Rural Development (CARD). The 
national interregional linear programming model used in this study has 
been developed recently at the Center (CARD) in conjunction with the 
Resource Conservation Act (RCA) effort. Two models used especially as 
background for this study are reported in English et al. (1981) and 
Meister and Nicol (1975). Except for the major range sector, these 
studies provide much of the modeling background used in this study. 
These studies are frequently referred to in the discussion of the model 
developed specifically for this study. 
Central Concept 
Concepts of interaction among agricultural [including range) produc­
tion and environmental quality are not new. However, an attempt to 
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model these interactions and analyze national and interregional effects 
of grazing management practices is novel. In previous CARD models, non-
cultivated grazing lands are not incorporated as an endogenous sector. 
Therefore, there is little opportunity to evaluate potential changes in 
range use as they relate to the livestock and crop production sectors. 
Consequently, some of the major economic and environmental variables 
associated with the U.S. agriculture are not as fully endogenous as may 
be needed for future analyses. The goal of this study is to combine the 
existing CARD-RCA model with an endogenous range sector that might be a 
major enhancement to the model. An additional goal is to analyze poten­
tial environmental objectives associated with alternative grazing manage­
ment strategies at the national as well as regional levels. 
In this study, resources which cause interrelations between range 
management and environment are grazing land and sediment production. 
The relatedness of livestock production to crop and range productions, 
and range management to sediment production accentuate simultaneously 
the relations between production of goods to meet market demands and 
environmental goals. This model is designed in a way that links physical 
and economic aspects of all three sectors to environmental policy deci­
sions. 
Mathematical Specification of the Model 
This subsection is a description of the central elements of the 
model. Parameters such as population, domestic and export demands are 
projected to the year 2000. This time horizon is consistent with the 
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projections used in other recent models (English et al., 1981). The 
basic model is presented via matrix notations. 
where: Z is the value of the objective function; 
C is the cost vector; 
X is the vector of the activities in the model; 
B is the vector of the resources available; 
is a matrix of the interaction coefficients between X and B; 
D is the vector of the specified demands to be met; and 
Ag is the interaction coefficients between X and D. 
This formulation is consistent with the regional structure of agri­
culture. The vector D represents the regional and national danands for 
the coninodities to be met by the system, and B represents a vector of 
regional and national resource availabilities to satisfy the predetermined 
demands. Vector X represents grazing management activities by resource 
unit (Figure 5), crop and livestock production, resource use and transfer 
activities by region, and transportation alternatives which connect the 
regions in the model. These restraints and activities are defined later 
in this chapter. Matrices A^ and Ag identify interactions among X, B 
and D (Nicol and Heady, 1975). Soil loss policy alternatives have been 
Min Z = C'X ( 1 )  
subject to 
A^X < B 
A2X > D 
(2) 
(3) 
(4) X > 0 
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evaluated in this framework by changing the coefficients in matrix 
to reflect an interaction of the new policies. 
The CARD-RCA Model: A General Description 
A schematic diagram of the CARD-RCA Linear Programming Model is pre­
sented in Figure 6. It represents three quantitative components of a 
linear programming problem: an objective function, alternative methods 
or processes (activities) for attaining the objective, and resource and 
other restrictions. 
The restraints (expressed as rows) are listed vertically. The types 
of activities (expressed as columns) are listed horizontally. The X^j 
notations within the tableau represent sets of input-output or technical 
coefficients that must be determined. The X^^s represent the objective 
function row indicating the per unit cost associated with each activity. 
The X.jS in the commodity rows reflect yield, consumption, and transpor­
tation coefficients, while the X^jS in the resource rows represent the 
fixed amount of resource used by each activity. Some activities are 
defined as transfer activities and have no objective function value. 
Each soil-loss row in this model is unconstrained and acts as an account­
ing row. The soil-loss coefficients X-j^ X^g g ^14 3 reflect the 
severity of erosion for the conditions that prevail for the defined land 
use activities. 
The vector R-s, expressed as right hand sides (RHS), represent re­
source availability and specified commodity demands that must be met by 
the system. The bound vector (B^s) indicates the economic and 
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Figure 6. Schematic diagram of CARD-RCA Linear Programming Model 
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institutional restraints imposed on resource availability. In the fol­
lowing sections of this chapter, each component of the model and the 
development of coefficients is discussed. 
Limitation of the model 
The study recognizes the limited scope of the model because of the 
complexity of the natural ecosystems and lack of understanding of 
numerous interactions thereof. Further, the conventional linear program­
ming model assumes a timeless, static environment and ignores the effects 
of a decision's impact on opportunities and choices during subsequent 
time periods. 
Therefore, the conclusions derived from the model are conditional 
statements about the future, based on assumptions inherent to the model. 
The results are projected, so the interpretations of the solutions are 
subject to the knowledge of the assumptions from which they are derived. 
Regions of the model 
Four sets of regions are used: (1) the data collection regions used 
in the development of the model's data base; (2) the regions or pro­
ducing areas (PA) within which crop production activities and crop land 
conversion activities of the model are defined; (3) the market regions 
(MR) within which the demands for commodities are defined; and (4) the 
reporting regions (major zones) within which the results are summarized. 
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The data regions 
Two kinds of major data regions are used in this model. The forest-
range data^ are collected by resource unit (RU) (Figure 5) within each 
potential natural plant community (PNC) (Appendix A) by the Forest-
Range Task Force (Forest Service, 1972). These basic RUs vary in area 
depending on the location of the geographical region of the ecosystem 
and range conditions. As, for example, RU in a desert ecosystem is 
different in size from grassland ecosystems. Output data vary for 
each PNC. Therefore, the assessment teams have estimated production 
figures for each RU within each PNC, using the management scenario and 
rationale. The range data base is documented in Forest Service (1977). 
The nonfederal forest-range land base of the model is defined within 
PNC regions. Weights are used to transfer the PNC data base to the market 
regions (MR) to generate range production coefficients needed in defining 
the model. Weighting procedures are explained later in this chapter. 
The crop sector data regions, shown in Figure 7, are built on county 
approximations of the major land resource areas used for data collection 
by the Soil Conservation Service (SCS), U.S. Department of Agriculture. 
Further adjustments are made to generate crop production coefficients 
that are needed in defining the model. Besides these two major data 
collection regions, the data regions also include the county and states 
of the continental United States from which census and commodity pro­
duction data are tabulated. 
Vhe complete data tapes have been provided by the Rocky Mountain 
Forest and Range Experiment Station, USDA Forest Service, Fort Collins, 
Colorado. 
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Figure 7. The SCS data collection areas 
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The producing areas (PA) 
The 105 producing areas or regions (PA) shown in Figure 8 are de­
rived from the Water Resource Council's 99 aggregated subareas (ASAS). 
The crop production sector and the cropland base of the model and the 
cropland conversion activities are defined within these regions. Water 
supplies for the western United States are defined for producing areas 
48 to 105. 
The market regions (MR) 
The 28 market regions, shown in Figure 9, are the aggregation of 
the 105 PAs. The MRs serve two purposes. First, each market region 
functions in the model as a demand and transportation center. Commodity 
demands, range products, and transportation activities are defined with­
in these regions. The metropolitan center identified within each MR 
acts as a trading post. It is through the spatial linkages that the 
relative comparative advantages and changes in production patterns are 
determined among the regions of the model in fulfilling the demand 
restraints. 
Second, the endogenous livestock, range forage production, and 
nitrogen purchasing activities are defined in these market regions. 
Computational ease is the main reason for defining these activities 
by MRs. 
The reporting regions 
The final set of regions (major zones) are defined by aggregating the 
adjacent market regions and producing areas. The seven major reporting 
Figure 8. Producing areas with irrigated lands (shaded areas) 
Figure 9. Twenty-eight market regions 
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regions (zones) are shown in Figure 10, These regions are the North 
Atlantic, South Atlantic, North Central, Great Plains, South Central, 
Northwest, and Southwest. 
Linkage among Range, Crop and Livestock Sectors 
The major link between the range sector and the rest of the sector 
in the model is through production of forage. Grazing of livestock (AUM) 
is an intermediate output from the forest-range sector. Forage produced 
in the forest-range sector has no economic value unless it is consumed 
by livestock. 
Forage (AUM) produced in the forest-range sector is converted to the 
nonlegume hay (NLH) equivalent by using the conversion factor; 0.4 tons of 
nonlegume hay is equivalent to one animal unit month (AUM).^ Therefore, 
each AUM produced in the range sector is converted into 0.4 tons of non­
legume hay which is consumed by livestock through the roughage rations de­
fined for the endogenous livestock in the model. Livestock also consume 
concentrates, feedgrains and roughage produced in the cropland. Hence, 
the livestock rations which use products from both the crop sector and the 
forest-range sector dictate the demand for forage (AUM), as derived from 
the demands for livestock products in the market. Secondly, a consistent 
regional delineation has been developed to correlate the range sector to 
the livestock sector and commodity production. In cooperation with the 
Land Use Analysis Laboratory, Iowa State University, weighting formulae 
1 • Suggested by Dr. Thomas Bedell, Oregon State University, through 
personal correspondence, February 1980. 
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have been developed to disaggregate the acreage in each of the PNCs with­
in 34 ecosystems in Kuchler's (1964) map. The weighting method that de­
velops consistent regional delineation for the range sector is based on the 
computerized stratified sampling dot overlaying procedure that helps 
to generate 300,000 random sampling dots across the longitude and lati­
tude of the map. When these dots are matched with the U.S. county coordi­
nates, the land area within a county and a PNC is estimated with a 5 
percent error limit. A detailed discussion is included in Sircar et al. 
(1982). These weighting methods are used to adjust the range data and 
the range coefficients for the CARD-RCA model and are as follows. 
Weighting method at the producing area 
I I AC.^p = TA, 
I ' ' icp -
PA-n 
-7^ = «IP 
c = number of counties in the producing area (i) and the potential 
natural plant community (p); 
i = 1, ..., 105 for the producing area; and 
p = 1, ..., 106 for the potential natural plant community. 
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Weighting method at the market region 
I APpn = n 
I APipn = PMpn 
PMI n 
7^ = WMR. pn 
i = 1, 105 for the producing area; 
n = 1, ...» 28 for the market region; and 
p = 1, ...» 106 for the potential natural plant community. 
where: 
AC^jcp is the acreage of counties (C) of the potential natural plant 
community (p) and of the producing area (i); TA^- is the acre­
age in the producing area (i); PA-p is the acreage of the 
potential natural plant community (p) in the producing area 
(i). 
WPA .^p is the proportion of the potential natural plant community (p) 
in the producing area (i); APp^ is the area of the potential 
natural plant communities (p) in the market region (n); AM^ is 
the area in the market region (n); AP^p^ is the area of the 
potential natural plant community (p) in the producing areas 
(i) in the market region (n); PMp^ is the area of the poten­
tial natural plant community (p) in the market region (n); and 
WMRpn is the proportion of the potential natural plant community (p) 
in the market region (n). 
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Objective Function 
The objective function minimizes the total cost of crop and live­
stock production and transportation, investment and maintenance costs of 
grazing management, and the cost of cropland conversion and development. 
A long run competitive equilibrium is assumed. It is also assumed that 
all resources but land receive their market rate of returns. Return on 
land is determined endogenously. Costs included in the objective func­
tion are labor, machinery, chemicals and fertilizer, water, livestock 
production, transportation of raw agricultural and livestock products, 
range management and maintenance^, cropland conversion and development, 
and other implicit costs. These costs are all specified in 1976 dollars. 
The costs associated with each activity represent the returns to 
resources and factors that are not accounted for endogenously in the 
model. Hence, the model is left with the options to select among vari­
ous practices, technologies and grazing management strategies which 
represent means to reduce soil loss using crop production practices and 
range management strategies. 
The spatial distribution of farm commodities and the pattern of 
resource use is the function of the transportation sector. 
The objective function is subject to projected moderate domestic 
^Costs included are the range management and associated direct man­
agement and maintenance costs. These expenditures are an investment in 
the land itself. An implicit assumption of using investment costs is 
that the production costs are directly associated with livestock produc­
tion. When compared and averaged among the ecosystems, the production 
cost will not be significantly different (Forest Service, 1972). This 
is a reasonable assumption in the long run. 
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and export demands for commodities for 2000, availability of land and 
water resources, and minimum regional production requirements. In 
addition, the objective function is subject to a set of specified con-
straints. Mathemati cal ly, 
Mi" OBJ = 2 % I X..kmXC,.km 
^ p H V ^bquyGCpquv 
+ I (w/wc/ + w/wc/) 
+ % % Lna LCni 
n ? t 
+ I (DLJDC. + RD^.RC.) 
f = 1, 2, 3, 4, 5, 6, 11, 12, 13, 14 for the commodity trans­
ported^ ; 
i = 1, ..., 105 for the producing areas; 
j = 1, 10 for the cropland classes; 
k = 1 330 for the rotations defined; 
1 The endogenous commodities and their numbers used are as follows: 
barley, 1; corn, 2; oats, 3; sorghum, 4; wheat, 5; oil meal, 6; legume 
hay, 7; nonlegume hay, 8; silage, 9; cotton, 10; milk, 11; fed beef, 
12; nonfed beef, 13; pork, 14. 
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V 
u 
t = 
q = 
r = 
P = 
m = 
n 
• • • 9 4 for the endogenous livestock classes; 
.,12 for the conservation-tillage practices; 
28 for the market regions; 
106 for the potential natural plant communities; 
4 for the grazing management strategies; 
58 for the water supply regions; 
.,175 for the transportation routes defined; 
., 4 for the range productivity classes; 
., 3 for the range condition classes. 
where: 
^ijkm number of acres of rotation (k) with conservation-
tillage practices (m) in producing area (i) on cropland 
class (j); 
XC^jkm the cost per acre of rotation (k) with conservation-tillage 
practice (m) in producing area (i) in cropland class (j); 
Gpqyy is the number of acres of grazing land in potential natural 
plant community (p) in grazing management strategy (q) in 
range productivity (u) in range condition class (v); 
GCpqj^v is the cost per acre of grazing land in potential natural 
plant community (p) in grazing management strategy (q) in 
range productivity class (u) in range condition class (v); 
is the number of acre-feet of surface water purchased in 
water supply region (r); 
is the cost per acre-foot of surface water purchased in 
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water supply region (r); 
WCy9 is the cost per acre-foot of ground water purchased in water 
supply region (r); 
is the number of units of livestock type (&) produced in 
market region (n); 
is the per unit fixed cost of livestock type (2) produced 
in market region (r); 
is the number of units of commodity (f) transported over 
route (t) from market region (n); 
is the per unit of commodity (f) transported over route (t) 
from market region (n); 
DL- is the number of acres of grazing land converted to cropland 
in producing area (i); 
DC- is the per acres cost of conversion of grazing land to crop­
land in producing area (i); 
RD- is the number of acres developed for irrigation under private 
development in producing area (i); 
RC- is the cost per acre for private irrigation development in 
producing area (i); 
is the number of pounds of nitrogen fertilizer purchased in 
market region (n); 
FC^ is the cost per pound of nitrogen purchased in market region 
(n). 
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Restrai nts 
The restraints of rows in the linear programming formulation are 
the limits placed on acreages, resource availability, market and insti­
tutional constraints. The following restraints are constructed in the 
model. 
Grazing land equations 
Grazing land availability is defined within the potential natural 
plant community (PNC). The PNC level equation is as follows: 
I Î ^ ™P.v"puv - < TGp 
i = 1, 105 for the producing areas; 
j = 1, ...» 5 for the dryland classes; 
p = 1, ...» 106 for the potential natural plant community; 
u = 1, ...,4 for the range productivity classes; 
v = 1, 3 for the range condition classes. 
where: 
RUpuv is the level of the resource unit in the potential plant com­
munity (p) under the range productivity class (u) under the 
range condition class (v); 
GApuv is the acres of grazing land within the resource unit in the po­
tential natural plant communities (p) in the range productivity 
class (u) and the range condition class (v); DL^ is the level 
of land conversion in the potential natural plant community (p); 
DLP. j  is the proportion of the grazing land converted in the 
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producing area (i) in dry cropland class (j); and TG^ is the 
potential acres of grazing land available in the potential 
natural plant community (p). 
Cropland equations 
Cropland restraints are separated by five dry land classes and five 
irrigated land classes- The equations are defined at the producing 
area and are as follows: 
Dryland equation by land class 
k m 
i = 
j = 
k = 
m = 
P = 
105 for the producing areas; 
.5 for the land classes; 
. 3 3 0  f o r  t h e  r o t a t i o n s  d e f i n e d ;  
. 1 2  f o r  t h e  c o n s e r v a t i o n - t i l l a g e  p r a c t i c e s ;  
., 106 for the potential natural plant communities. 
Irrigated land equation by land class 
k m ^ijkm^^ijkm ^DiLDP-j - - W-j 
i = 48 105 for the producing areas; 
j = 6, ...» 10 for the land classes; 
k = 1, 330 for the rotation defined; 
m = 1, ...,12 for the conservation-tillage practices. 
where: 
^ijkm the level of rotation (k) using conservation-tillage 
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practices (m) in land class (j) in the producing area (i); 
AD-jl^ is the acres of dry land used per unit of rotation 
(k) using conservation-tillage practices (tn) in land class (j) 
in the producing area (i); is the acres per unit of ro­
tation (k) using conservation-tillage practice (m) in land 
class (j) in the producing area (i); DA.j is the acres of dry 
land available in land class (j) in the producing area (i); 
lAjj is the acres of irrigated land available in land class 
(j) in the producing area (i); LD^ is the level of the land 
drained in the producing area (i); LDP^j is the proportion of 
the land drained in land class (j) in the producing area (i); 
RD. is the quantity of irrigated land development in the pro­
ducing area (i); RDP\j is the proportion of irrigated land 
developed in land class (j) in the producing area (i); DL^ is 
the level of grazingland conversion in the potential natural 
plant community (p); and DLP^j is the proportion of converted 
land in crop land class (j) in the producing area (i). 
Water supply restraints 
Two sets of restraints are defined in each of the water supply 
regions (producing areas 48 through 105). Both ground and surface water 
supplies are estimated for 2000 in each PA. These restraints balance 
the dependable water supply in the region, including artificial transfer 
of surface water. 
In developing these restraints, it is assumed that exogenous uses 
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of water are higher valued uses than irrigation of endogenous cropland. 
Thus, the restraints for surface water availability are calculated as the 
difference between total water available and the water required by 
exogenous demands. Further information on the water sector is avail­
able from Colette (1976), Short et al. (1981) and English et al. (1981). 
The commodity restraints equations 
Four sets of demand restraints are defined at the market region. 
These are commodity demand equations, nitrogen balance equation, live­
stock production equations and forage (AUM) production equations. 
The commodity demand equations and nitrogen balance equation are 
defined in English et al. (1981) and are used in this study without any 
change. 
Livestock equations 
Ln&LYnA • I ^ nAt " ""^ni 
n = 1, ..., 28 for the market region; 
£ = 1 , 4  f o r  t h e  e n d o g e n o u s  l i v e s t o c k  t y p e ;  
t = 1, ..., 176 for the transportation routes defined. 
where: 
is the level of production of livestock type (£) in the market 
region (n); is the per unit production coefficient for live­
stock type (&) in the market region (n); T^^^^ is the net export 
of livestock type (£) over transportation route (t) defined in 
the market region (n); and is the exogenously determined 
demand for livestock type (&) in the market region (n). 
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Forage equations 
• ^ n ""Puvnl^puv + - TFn 
P = 1 ,  . . . »  1 0 6  for the potential natural plant community; 
u = 1, ...» 4 for the range productivity class; 
V = 1, 3 for the range condition class; 
n = 1, ...» 28 for the market region. 
where: 
RUpuvn is the level of resource unit in the range productivity class 
(u) in the range condition class (y) within the potential 
natural plant community (p) which is included in the market 
region (n); FYp^y is the per acre production of forage (AUM) 
in condition class (v) in productivity class (u) within the 
potential natural plant community (p); NLHp^ is the level of 
nonlegume hay equivalent of forage in the potential plant com­
munity (p) which is included in the market region (n); FC^ is 
the conversion factor of 2.5 times of forage that converts to 
one unit of nonlegume hay equivalent in the market region (n); 
TF^ is the total quantity of forage required to supply for the' 
wild life less publicly supplied forage in the market region 
(n). 
National timber production equation 
I I I «"puvTVpuv Ï OTIH 
p = 1, 106 for the potential natural plant community; 
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u = 1, 4 for the range productivity class; 
V = 1, 3 for the range condition class. 
where: 
RUpuv is the level of resource unit in the range productivity class 
(u) in the range condition class (v) within the potential natu­
ral plant community (p);TYpyy is the yield of timber per acre 
in the range productivity class (u) in the range condition class 
(v) within the potential plant community (p); DTIM is the 
exogenously determined demand for timber nationally. 
In addition, there are sets of land constraints, water constraints, 
land development and cropland conversion constraints in the model. These 
restrictions are imposed in the form of bounds which are defined at the 
upper or lower level, depending on the specification and institutional 
limitation. 
Activities 
The activities in the model include crop production activities, 
livestock production activities, commodity transportation activities, 
resource supply activities, land conversion activities and range manage­
ment activities. 
Crop production activities 
All crop production activities use land at the rate of one acre per 
unit of the activity. Each PA has five land quality classes, which are 
aggregations from the land capability classes of the Soil Conservation 
64 
Service (Nicol et al., 1974). These activities represent crop management 
systems, incorporating rotations of one to four crops, covering from one 
to eight years, with a given conservation treatment and given tillage 
practice. The crop rotations defined in each producing area are 
selected from 330 unique rotations developed from the Soil Conservation 
Service Questionnaire (Meister and Nicol, 1975). Each rotation is then 
combined with one of four conservation practices: straight row cropping, 
contour, strip cropping, or terracing. Each crop management system is 
completed by adding one of the three tillage practices: conventional 
tillage with residue removed, conventional tillage with residue left, 
or reduced tillage. For each of the crop management systems developed 
on each land class in each producing area, costs, crop yields, fertilizer 
use and water use, and soil loss coefficient are calculated. The develop­
ment of coefficients and yield adjustment equations are reported in English 
et al. (1981). The crop production activities produce 10 endogenous 
crops: barley, corn, oats, sorghum, wheat, soybean, legume hay, nonlegume 
hay, silage, and cotton. 
Livestock production activities 
The production of livestock commodities is a source of demand for 
most endogenously produced crop commodities. Pork, milk, fed beef, and 
nonfed beef are produced from activities which compute the feed needs of 
hogs, beef feeders, beef cattle, and dairy cows. 
Livestock rations are formulated within the model to allow endogenous 
substitution between grains, between roughages and grains, and between 
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roughages produced in the crop sector and the forest-range sector. Hence, 
the model selects least-cost rations for the livestock in each region. 
Each MR has several alternative feeding activities which are used by 
the model according to the internal prices computed for each commodity and 
the comparative advantage of the various feeding activities and regions. 
The rations are developed in separate mathematical programming routines 
(Nicol et al., 1974). 
The costs for livestock production are determined from Eyvindson's 
(1970) cost data as adjusted by Meister and Nicol (1975) and include 
variations due to regional differences in productive capital assets 
required to produce a single unit of livestock. Suitable interest rates 
are used to determine amortized capital costs. 
Prespecified feed rations also are used to compute the demand for 
feed commodities required for exogenous livestock other than those 
specified above. The details and coefficients for livestock activities 
are in Meister and Nicol (1975). 
Commodity transportation activities 
Transportation routes are defined between each pair of connected 
consuming regions. Over each route two activities are defined for each 
commodity, one activity for shipment in each direction. Commodity 
transportation activities are defined for the following products: barley, 
oats, corn, sorghum, wheat, oil meals, pork, beef, and milk. Costs and 
energy requirements for transportation activities are calculated. The 
details and coefficients of transportation activities are in Meister 
and Nicol (1975). 
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Nitrogen buy activities 
Commercially produced nitrogen buy activities are defined in each 
of the market regions with the 1975 normalized state nitrogen prices. 
The estimation method and the coefficients are reported in English et 
al. (1981). 
Water resource activities 
Four sets of activities are defined in the model. These activities 
include surface water buy activities, ground water buy activities, water 
transfer activities, and water hay activities. The water buy activities 
allow the purchase of dependable supplies of surface and groundwater. 
The price of surface water in each irrigable PA is defined as the sum 
of average reimbursable costs of the Bureau of Reclamation water projects 
and energy costs for pumping and applying the surface water. The price 
of the groundwater in each irrigable PA is defined only by the energy 
costs of pumping and applying the ground water. Transfer activities 
are defined to allow water to be transferred between producing regions 
within a river basin through natural flow. 
Water hay activities allow dryland hay to be converted to irrigated 
hay land. Additional information and coefficients are given in Short 
et al. (1981), Colette (1976), and English et al. (1981). 
Land development and conversion activities 
Three sets of land conversion activities are defined in the model. 
The first two sets allow the model to determine whether additional irri­
gation is desirable; the third set converts the nonfederal potential 
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forest-range lands to nom'rrigable cropland. 
The tables for the cost of land conversion^, potential public pri­
vate irrigated development, and potential land conversion by the produc­
ing area and a detailed description of the land base adjustment methods 
are available in Meister and Nicol (1975). 
Range resource unit activities 
The range resource unit (RU),as previously defined in Chapter II, is 
a combination of management level, range productivity class, and range 
condition class within a potential natural plant community under a 
specified ecosystem. Each range production activity (expressed here as 
range RU) uses grazable land at the rate of one acre per unit of activity. 
Each PNC has 48 combinations of management strategies, productivity 
class and condition class. Forage and timber yields, per acre range 
investment and maintenance costs, and per acre soil loss are determined 
by the range resource unit and the potential natural plant community. 
Forage yields 
The forage yield, expressed in animal unit month, is the quantity of 
forage grazed by domesticated livestock. It is measured to the nearest 
0.1 animal unit month per acre/per year stocking rate of domestic live­
stock. The estimation procedure is based on a daily forage consumption 
requirement of 24 pounds of air-dry forage for a 1000 pound animal. It 
represents the average amount of forage consumed daily when adequate 
^Updated information provided by Mack Gray, Soil Conservation 
Service, U.S. Department of Agriculture, August 1979. 
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supply is available. The formula is expressed as follows: 
Forage consumption = 0.68 * (animal weight) 
AUM = (daily forage consumption) * 30.5. 
The nutritive value of forage is not considered; it is assumed that for­
age is palatable and suitable for both body maintenance and growth. 
Estimates are made for each management level and based on constraints of 
accessibility, relative palatability and degree of utilization appropri­
ate to the traditional livestock grazing the area. 
For the development of forage coefficients^ consistent with other 
commodities in the model, forage production coefficients are weighted 
to the market region using the weighting methods described previously. 
Timber coefficient^ 
The timber product is considered as a by-product in livestock graz­
ing practices. The timber yield coefficient is measured in cubic feet 
per acre per year to the nearest 1.0 cubic feet. 
The timber yield is also weighted to the market region level by 
using the weighting method described previously. 
Soil Loss 
Gross soil loss represents the average annual tons of soil leaving 
the field. The Universal Soil Loss Equation (USLE) as described by 
^The forest-range yield data are provided by the Forest Service, U.S. 
Department of Agriculture, Rocky Mountain Forest and Range Experiment 
Station, Fort Collins, Colorado, 1980. 
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Wischmeier and Smith (1965) is used in this model to develop gross soil 
coefficients for crop managements. 
The soil loss equation is represented by: 
A = R x K x L x S x C x P  
where: 
A is the average annual soil loss per acre; 
R is the average annual rainfall erosion index based on the local 
area; 
K is the erodibility factor for the specific soil type; 
L is the slope length factor; 
S is the slope gradient factor; 
C is the crop management factor which relates to a particular crop 
rotation and tillage practice; and 
P is the erosion control practice factor which relates to the 
conservation practice. 
Further details on the factors and on the computational procedures 
used to calculate the coefficients are available in Wischmeier and Smith 
(1965) and English et al. (1981). For the areas west of the Rocky 
Mountains, an alternative procedure is used to generate soil loss coef­
ficients. This information is reported in Meister and Ni col (1975). 
Soil loss coefficients^ from range management practices are developed 
^Sediment yield coefficients are provided by the Forest Service, 
U.S. Dept. of Agriculture, 1980. 
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by teams of experts. The estimation procedure for sediment yield varies 
for every PNC. Soil loss from range ecosystems is defined as sediment 
deposited in stream channels measured in tons per acre to the nearest 
0.1 ton per acre per year. The soil loss coefficients for the forest-
range land base are estimated, using various sources including published 
research results and field experiments. There is no single estimation pro­
cedure as defined for any PNC-PC-CC and the range management combination. 
Different management scenarios and rationale are used by the assessment 
teams to estimate production figures. A general documentation is in 
Forest Service (1977). 
Land Base 
The land available for crop production in each producing area is 
determined from the conservation needs inventory (CNI) (1971). The 
eight land capability (I to VIII) classes are defined in CNI. Classes 
II through VIII are further subdivided to reflect the most severe hazard 
which prevents the land from being available for unrestricted use. The 
four subclasses reflect susceptibility to erosion (e), subsoil exposure 
(s), drainage problem (w), and climatic conditions preventing normal 
crop production (c). These capability class-subclasses are then aggre­
gated into five land classes (Table 10). The land groups are selected 
so that a range of erosion hazards and farming practices can be 
exhibited in the model. 
An adjustment is made for the projected changes in urban land needs, 
other nonagricultural needs, land used by exogenous crops, and double 
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Table 10. Aggregate land capability classes 
Inventory class-subclass® 
2 Rest of II, III^, III*. Illg. IVc, IV^. IV^, all of V 
3 Ills 
4 IVg 
5 All of VI, VII, and VIII 
Inventory classes and subclasses are as defined by the Soil Con­
servation Service for both the Conservation Needs Inventory and the 
National Resource Inventory. 
cropping in the year 2000. Further information on the cropland base is 
available in English (1981). 
Three acreage information sources were used for the Resource Planning 
Act (RPA) forest-range land base^: Kuchler planimetered acres. Bureau 
of Census data for each state, and data from RRE (Forest Survey) units 
and other federal agency data. The Kuchler planimetered acres represent 
potential, rather than existing, natural vegetation. For the range data 
base, the acres of each vegetation type were made to equal the Census 
figures for total forest and rangeland vegetation types within each 
state. This was accomplished by adjusting the acreages proportionately. 
^Information provided by Sharon Wooten, in charge, forest-range 
data base, the Rocky Mountain Forest and Range Experimental Station, 
Fort Collins, Colorado, October 29, 1981. 
72 
Kuchler planimetered values were used as a baseline but were not the 
sole factor. The nonfederal forest-range land base which is included 
in this study has been discussed in Chapter II. 
Commodity Demand 
Consumer demand is the driving force behind any economic system. 
The production required to meet both domestic and export demands is the 
emphasis of the production model. The projected consumer demands for the 
endogenous commodities are based on the information^ provided by the NIRAP 
and the U.S. Water Resource Council's OBERS projections (1974). 
The NIRAP system provides national levels of the domestic per capita 
consumption, state projections of livestock production, and net exports 
at the national level. The 2000 demands assume a domestic population of 
260 million people as projected by OBERS E. This population is distrib­
uted regionally by the OBERS projection system and aggregated to market 
region levels for allocating the domestic consumption of commodities. 
Further details are provided in English et al. (1981). The commodity 
projection is based on the moderate demand—supply scenario. The level 
of exports assumed in this study is moderate. 
The demand for the forest-range grazing is based on the historical 
trend of grazing in the United States. The procedure used is to obtain 
the best information available about the probable range of future demands 
for use of range forage. No detail demand analyses, per se, are 
^Unpublished data provided by NIRAP, ESS, USDA, May 1979. 
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attempted in the present effort. The demand for forest-range grazing as 
used here constitutes estimates of future needs and does not involve the 
price schedules required for demand analysis in the economic sense. 
Further details are available in Forest Service (1972). 
In this study, the primary goal is not the implication of various 
scenarios of consumer and export demands on agriculture, but rather 
those of environmental policy. For this reason, commodity demands have 
been fixed at one level for all policy alternatives considered. 
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CHAPTER IV. RESULTS AND DISCUSSION 
This chapter presents findings for each soil-loss policy alterna­
tive tested from the technology and information discussed in the previ­
ous chapters. Information on the resource base and its estimated 
responses to changes in agricultural management is associated with the 
information on costs and demands, and is applied within needed environ­
mental, social, political, and economic constraints so as to meet pre-
specified requirements. Each alternative selected for evaluation was 
measured against broad policy objectives of the nation. An attempt is 
made to answer some of the questions relevant to potential environmental 
goals of the forest-range sector defined as a subsector of the agri­
cultural system. Although the model solutions generate massive amounts of 
data on the crop and livestock sectors of the system, the analyses of this 
study concentrate on the range sector of the model. The data that sub­
stantiate and correlate the range sector with the rest of the model are 
analyzed and reported. Details on crop data are omitted; however, 
throughout this chapter, some relevant observations and individual items 
of crop data are included to illustrate the full range and depth of 
analyses possible. 
The alternatives focus on national environmental goals within the 
framework of a spatially competitive economic model in the sense that 
all costs of production and transportation are met and all factors re­
ceive their market rate of return. Land and water returns are deter­
mined endogenously to the model. Therefore, each alternative expresses 
a national goal in a way that reflects the regional differences in 
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resource availability, productivity and erosion potential. Further, 
the alternatives were designed to show the potential changes in soil 
erosion in the forest-range land base of the nation if soil erosion 
restrictions were imposed in the agricultural production system. Reduced 
soil losses are a result of the regional comparative advantage of crop 
and range practices initiated by the soil loss control restraints. 
These restraints force changes in the regional technical composition of 
agricultural production. (Those regions of the country that are least-
adversely affected by the environmental controls placed .on soil conserva­
tion practices as well as soil erosion gain farm production at the 
expense of both the consumer and the producer of other regions.) More­
over, the changes forced on agriculture by the alternative soil loss 
control goals affect farm income and productivity in each region dif­
ferently. Thus, comparative advantage in the production of outputs is 
the controlling economic consideration. The use of the low erosive 
technologies of production and management practices is expected to 
reduce erosion in each region. These erosion reduction activities are 
the core of soil loss control in agricultural lands in general, range 
lands in particular. 
In summary, the alternatives tested were designed to provide a 
general understanding of the forest-range situation in conjunction with 
the crop and livestock sectors of the nation's agricultural system. 
These alternatives were developed as logical and reasonable approaches 
that might help shed light on critical policy questions in range resource 
management practices, crop production practices, and livestock raising 
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methods that function in unison within a complete agricultural economic 
system. Henceforth, the alternatives tested will be expressed as fol­
lows: (a) the unconstrained soil-loss solution is defined as the Base; 
(b) the soil-loss restricted at 2T-level (soil loss tolerance limit, 
referred to in page 25) solution is defined as Alternative 1; and 
(c) the soil-loss restricted at T-level solution is defined as Alterna­
tive 2. The Base was designed for the primary purpose of providing 
measurement points for interpretation of the subsequent alternatives. 
Each alternative solution estimates the agricultural outputs and re­
source use pattern in the year 2000, subject to the conditions upon which 
the model is built. In each case, the total costs (including transporta­
tion costs) of all included activities is the minimum necessary to meet 
the projected demands, given the existing resource situation and the 
level of technology. 
Before we present the findings of the solutions, we may point out 
some assumptions that have bearing on the results. The basic assump­
tions of a linear programming technique are proportionality and addi-
tivity. The proportionality assumption means complete divisibility of 
all the commodities and represents constant returns to scale. Therefore, 
fractions^ of decision variables must be acceptable in the solution and 
the marginal products for the inputs are constant over the relevant 
^The large-scale linear programming model used in this study is 
national in scope. Therefore, the problem of divisibility is not seri­
ous in this study since in most cases the solution can be rounded off 
to the next lower number without violating the restrictions. 
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range. The additivity assumption implies there are no interactions^ 
among activities. That is, there are no external economies or dis­
economies. The assertion of constant cost objective function simulates 
a perfectly elastic supply curve within the bounds of the activities 
or the restraints of the resources. Further, fixed coefficients and 
no risk are assumed in the model. The assumptions made for the linear 
programming technique cause the model to be a static or normative one. 
Thus, the model does not provide any information on how the transforma­
tion from one alternative to the other can be accomplished with the 
least impact during the transformation period. Of course, we recognize 
that all the above assumptions are not fully consistent with the real 
world. However, these assertions allow us to evaluate the potential 
impact of alternative policies and structural changes of the system with 
a reasonable understanding of the real world situation. 
This chapter is divided into two parts. In the first part, we 
examine the results that relate soil erosion and land use impacts in 
agriculture in general, and the range sector in particular. Specifi­
cally, we investigate the changes that are likely to occur in land use 
and range management practices if efforts are made to conserve this 
nation's basic agricultural natural resource—soil. 
The second part of the chapter will cover the potential changes in 
^Interactions are allowed in this study by constructing the activi­
ties that include crop rotation, conservation-tillage method, etc. For 
instance, one can use either corn, oats, or meadow producing activities 
into the model, or a rotation consisting of these three crops can be 
incorporated. By using the rotation method, the effect of the nitrogen 
producing legumes can be incorporated into the yields and input use of 
other crops within the rotation. 
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the production and investment costs that reflect the resource use pat­
tern, yield response of the policy alternatives, and regional produc­
tion advantage (disadvantage) of selected outputs. Crops which have 
direct bearing on grazing production are analyzed and presented in this 
section. 
An aggregate summary of soil losses, costs and lands used is pre­
sented in Table 11. The data show that the minimum levels of cost of 
crop production and transportation (excluding cost of land), soil loss 
and total cropland used in the Base are 26.5 billion dollars (in 1975 
dollars), 1.44 billion tons, and 298 million acres (excluding converted 
land), respectively. Table 11 also indicates that the minimum cost of 
investment on rangeland, soil loss and acreage grazed is 0.2 billion dol­
lars, 1.3 billion tons, and 171 million acres, respectively, in the Base. 
As the allowed soil loss declines under Alternative 1 and Alterna­
tive 2, soil loss from cropland reduces by 33 and 49 percent from the 
Base, respectively. These declines in soil loss from the cropland are 
accomplished with an insignificant increase in cost (0.3 and 1 percent, 
respectively, from the Base). As soil loss is reduced, total cropland 
used declines slightly from 297.81 in the Base to 295.98 and 293.53 
million acres, respectively, under Alternative 1 and Alternative 2. Land 
used by irrigation increases by 1.7 million' acres, while dryland used de­
creases by 5.96 million acres when comparing the Base to Alternative 2. 
Irrigated land used remains unchanged and dryland acreages decrease by 1.8 
million acres when comparing the Base to Alternative 1. Some of these 
changes may be attributed to the soil loss restraints. However, the 
Table 11. Total cost, soil loss, and land use for each of the alternative solutions 
Solutions 
Base Soil loss alternatives 
Alternative 1 Alternative 2 
units 
26.49 
1.44 
290.57 
7.24 
297.81 
26.58 
0.96 
288.75 
7.23 
295.98 
26.76 
0.73 
284.61 
8.92 
293.53 
199.96 
1.31 
171.32 
193.85 
1.23 
169.64 
189.03 
1.10 
165.65 
Item Unit 
Crop sector: 
Cost 
Soil loss 
Dryland 
Irrigated land 
Total cropland 
Grazing sector: 
Cost 
Soil loss 
Land grazed 
billion dollars® 
billion tons 
million acres 
million acres 
million acres 
million dollars' 
billion tons 
million acres 
^Dollars are in terms of 1975 dollars. 
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projected reduction in yields due to the loss of productivity when soil 
loss occurs results in increasing the amount of irrigated cropland 
required so that the demand level can be met. 
The reductions of soil loss from the grazing land under the two 
alternative solutions are 6 and 10 percent, respectively, from the level 
in the Base. These reductions in soil loss are in terms of sediment 
production, so the percentages may appear small but they still are sig­
nificant in terms of the nation's environment. The range investment 
cost decreases considerably in the alternative solutions compared to the 
Base. The range investment cost reduces from 199.96 million dollars in 
the Base to 193.85 million dollars in Alternative 1 and 189.03 million 
dollars in the Alternative 2. The decreases in land grazed and less 
investment cost indicate that grazing shifts to the more productive areas 
and investments are made more efficiently. The grazing land declines from 
171-32 million acres in the Base to 169.64 million acres in Alternative 1 
and 165.55 million acres in the Alternative 2. As the soil loss limita­
tions are restricted, erosive grazing lands (lands in land capability 
classes V-VIII) may be forced out of use and more acreages may be put 
into less intensive grazing management (Strategy B) so that the environ­
mental constraints are met without affecting the level of demand for 
grazing production. 
Soil Loss and Land Use 
Soil has some physical and chemical properties that limit its use 
or necessitate special treatment. As stated in Chapter I, most of the 
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lands that are grazed have very limited alternative use and fall into 
fragile land capability classes, i.e., land classes II through VIII 
(Table 10), while a great percentage of the nation's cropland is defined 
as prime land that has few limitations or inherent weaknesses that 
affect its intensive use as cropland. 
Soil loss 
Table 12 provides the annual average rate of soil loss per acre by 
cropland groups and land capability classes. On a per acre basis at 
Table 12. Soil loss per acre from cropland by land class for the 
alternative solutions 
Solutions 
Soil-loss alternatives 
Alterna- Alterna­
tive 1 tive 2 
tons per acre-
Cropland 
Dry 1 and 
I 2.72 2.55 2.30 
II 4.32 3.48 2.74 
III 9.08 2.99 1.71 
IV 10.68 3.07 1.98 
V 43.64 4.42 2.94 
Total 4.87 3.23 2.51 
Irrigated 
I 2.87 2.90 2.72 
II 2.04 2.03 1.55 
III 6.08 4.53 0.37 
IV 7.34 7.04 0.67 
V 37.04 3.64 — — 
Total 3.09 2.83 1.77 
U.S. average 4.82 3.22 2.49 
Land type 
and 
land group 
82 
the national level, soil loss from cropland decreases markedly from 4.82 
tons under the Base to 3.22 under Alternative 1, and 2.49 tons under 
Alternative 2. Dryland is more erosive than irrigated land. This is 
because a relatively large share of erosive crops, such as soybeans, cot­
ton, hays and silage, is produced on dryland. Within each land group, the 
per acre soil loss decreases as the soil loss limits are set at 2T and T 
levels. Reduction in soil loss in some land capability classes (III-V) 
is significant as the soil loss restrictions are imposed under the 
alternatives. These changes in per acre soil loss are the result of 
increased use of conservation and tillage practices on the cropland. 
Aggregate soil loss from the grazing land at the national level varies 
from 491,000 tons to 268,000 tons under the different range management 
strategies in the Base (Table 13). Soil loss varies across management 
strategies in each alternative. Total soil loss is relatively less 
under management Strategy B (some livestock) and management Strategy 
D (intensive management) under the Base solution. When the soil 
loss restriction is imposed under each alternative solution, total soil 
loss is relatively less under Strategy D (intensive management) and 
Strategy E (livestock maximized). These changes occur because investment 
on land improvement and management practices that enhance forage produc­
tion are made. The structural modification and the cultural practices 
are allowed to achieve cost efficiency. On the other hand, investment 
on land and conservation practices are minimal under management Strate­
gies B and C. Cost efficiency and better grazing conditions are not 
considered under Strategy B and Strategy C. Variations in soil loss by 
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Table 13. Soil loss by range management strategy and range condition 
class for the alternative solutions 
Alternatives 
and range 
condition 
class 
Management strategies 
Some 
livestock 
(B) 
Extensive Intensive 
manage­
ment 
(C) 
manage­
ment 
Livestock 
maximized 
(E) 
Base 
Good 
Fair 
Poor 
Strategy total 
Alternative 1 
Good 
Fair 
Poor 
Strategy total 
Alternative 2 
Good 
Fair 
Poor 
Strategy total 
157 
61 
51 
268 
156 
59 
47 
261 
152 
75 
45 
272 
thousand tons 
229 
182 
81 
491 
169 
207 
81 
457 
154 
126 
80 
359 
40 
152 
76 
268 
40 
139 
77 
256 
34 
165 
57 
255 
39 
89 
150 
277 
41 
116 
102 
259 
38 
113 
60 
210 
range condition classes are extreme in each alternative. These varia­
tions result from the degree of intensity of grazing (over grazed or 
lightly grazed) and acreages grazed under each strategy. For example, 
when fewer acreages are grazed heavily under any strategy and range con­
dition class combination, aggregate as well as per acre soil loss in­
crease. Moreover, a higher level of soil erosion can partly be attrib­
uted to the forest management^ practices of the forest-range ecosystem. 
Vhis study does not investigate the impacts of different timber 
management practices that are a part of the total forest-range eco­
system. 
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Table 14 shows per acre soil loss by range condition class and 
management strategies in each alternative. Average per acre soil 
Table 14. Soil loss per acre by management strategy and range condi­
tion class for the alternative solutions 
Alternatives 
and range 
condition 
class 
Management strategies 
Some 
livestock 
Extensive 
management 
(ÇL 
Intensive 
management 
(D) 
Livestock 
maximized 
m 
Base 
Good 
Fair 
Poor 
Strategy total* 
Alternative 1 
Good 
Fair 
Poor 
Strategy total* 
Alternative 2 
Good 
Fair 
Poor 
Strategy total* 
5.05 
7.89 
4.89 
3.72 
3.70 
7.93 
4.27 
3.17 
3.65 
7.26 
4.04 
3.21 
tons per acre 
6.79 
12.63 
12.47 
7.88 
7.52 
14.05 
12.49 
8.89 
6.83 
11.70 
12.93 
7.63 
7.22 
27.55 
63.89 
18.74 
7.22 
28.39 
63.51 
18.58 
6.22 
27.53 
45.59 
17.71 
11.66 
25.96 
39.52 
12.34 
10.96 
18.32 
31.78 
11.81 
11.48 
17.02 
34.20 
10.92 
Total may not add up due to rounding. 
erosion declines across management strategies when the soil loss restric­
tion is set, with one exception. Average per acre soil erosion under 
Strategy C in Alternative 1 has increased approximately 13 percent. This 
increase may be due to overgrazing the fewer acres allocated to this 
strategy (Strategy C) to meet the least-cost criterion. 
The per acre soil erosion varies from 3.72 tons under Strategy B 
to 18.74 tons under Strategy D in the Base. There are no significant 
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changes in per acre soil loss, compared to the Base, across the manage­
ment strategies when soil loss is restricted in each alternative solu­
tion. Some changes in per acre soil loss take place among range condi­
tion classes within a management in each alternative. Generally, as soil 
loss is reduced, the per acre soil loss in each combination of condition 
class and management strategy declines (Table 14). 
In some combinations, however, the per acre soil loss increases as 
the allowed soil loss is reduced under Alternative 1 and Alternative 2. 
An increase in the quantity of erosive lands being grazed under these 
combinations occurs when soil loss is reduced. Another plausible explana­
tion is that good quality grazing land that meets the soil loss require­
ments is converted to cropland as soil loss restrictions are imposed 
under Alternative 1 and Alternative 2. Another factor that might affect 
positively in per acre increase in soil loss is the management strategy. 
By assumption, a management strategy such as Strategy B is applied with 
minimal improvement on land and is limited or of no use of range prac­
tices that prevent soil deterioration. 
Table 15 indicates the total soil loss by the seven major regions and 
the management strategies for the alternatives. Under the Base, the South 
Central, North Central and Great Plains regions experience the largest 
erosion levels and account for 80 percent of the total national soil loss. 
Individually, these three regions contribute 21, 39 and 20 percent of the 
national sediment production from the grazing land, respectively. 
These highly significant percentages assess the potential effects of 
the soil conservation policies using grazing management as a process to 
Table 15. Total soil loss on grazingland by management strategy and by major zone for the 
alternative solutions 
Alternatives y g Major zones 
total 3 North South North Great South North- South-
strategy Atlantic Atlantic Central Plains Central west west 
in million tons* 
Base 
Some livestock (B) 
Extensive management (C) 
Intensive management (D) 
Livestock maximized (E) 
Total a 
Alternative 1 
Some livestock (B) 
Livestock maximized (E) 
Total 
Alternative 2 
Some livestock (B) 
Extensive livestock (C) 
Intensive livestock (D) 
Livestock maximized (E) 
Total 
268.5 Nsb NS 11.0 74.0 138.0 NS 45.4 
491.4 22.5 0.3 48.1 122.8 277.1 NS 21.6 
268.7 12.4 68.4 75.0 48.8 38.6 0.2 24.9 
277.9 19.3 2.2 136.1 17.8 52.9 0.3 49.1 
1306.6 53.3 70.9 270.2 263.5 506.8 0.7 141.1 
261.2 NS NS 10.9 69.2 135.3 NS 45.4 
457.1 21.5 0.3 63.2 125.2 225.3 NS 21.6 
256.8 10.81 59.4 74.8 47.9 38.6 0.2 24.9 
259.4 16.3 2.6 126.7 16.3 47.9 0.4 49.1 
1234.4 48.7 62.3 275.7 258.7 447.3 0.7 141.1 
272.0 NS NS 5.9 89.6 130.9 NS 45.4 
359.6 21.5 0.3 34.1 92.6 189.4 NS 21.6 
255.2 14.1 78.0 59.0 48.8 29.9 0.2 24.9 
210.7 13.9 1.8 96.2 12.3 35.7 0.4 50.4 
109.8 49.6 80.0 195.2 243.4 386.0 0.7 142.4 
®Total may not add up due to rounding. 
^NS means less than 100,000 tons came into solution. 
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reduce excess stream sediment loads. Compared to the Base, total soil 
erosion declines, with an exception in all these three major erosion 
contributing regions as soil loss is restricted under the alternatives. 
Total soil erosion increases by 5.5 million tons under Alternative 1 
compared to the Base in the North Central region. This region is very 
susceptible to soil erosion and acreages grazed in this area are rela­
tively erosive compared to the cropland acreages. In addition, the 
cropland conversion of grazing land put pressure on remaining grazing 
acreages. A heavy grazing to maximize grazing product on a few acreages 
may have contributed to excess erosion in this region. Northwest does 
not have a significant quantity of grazing land under the nonfederal 
ownership. Most of the land allocated to grazing is owned by federal 
agencies. Hence, total soil erosion from the grazing land in this 
region is insignificant. 
Total soil loss increases by 9.1 million tons under Alternative 2 
compared to the Base level in the South Atlantic region. Over 70 percent 
of the grazing land in this region has a major soil conservation problem 
(Table 6). When soil loss is reduced, substantial amounts of good quali­
ty grazing lands are converted to cropland to meet the demand restraints 
in this region. What is left is erosion prone poor quality land that 
is overgrazed and, thereby, increases soil erosion. 
The data in Table 16 represent the per acre soil loss from grazing 
land in the seven major zones by the management strategies under the 
Base and percentage changes of erosion rate under the alternatives. 
On a per acre basis at the national level, soil loss decreases 
Table 16. Soil loss per acre by major zone and range management strategy under the Base and 
percentage change in the alternative solutions 
Alternatives y g Major zones 
tiwnf total North South North Great South North- South-
men str t gy Atlantic Atlantic Central Plains Central west west 
tons per acre 
Base 
Some livestock (B) 
Extensive management (C) 
Intensive management (D) 
Livestock maximized (E) 
Total 
Alternative 1 
Some livestock (B) 
Extensive management (C| 
Intensive management (DJ 
Livestock maximized (E) 
Total 
Alternative 2 
Some livestock (B) 
Extensive management (Cj 
Intensive management (D] 
Livestock maximized (E) 
Total 
3.72 0.27 __a 0.48 4.56 10.26 21.35 2.84 
7.88 2.84 4.56 15.87 15.53 6.73 5.26 8.29 
18.74 22.29 22.17 51.97 13.10 22.51 42.71 6.57 
12.34 9.34 5.24 15.05 24.20 23.49 15.28 6.17 
7.63 5.18 10.42 7.38 9.21 8.65 19.16 4.65 
! f 1 UlU Lllc Uuoc 
-15b NG^ NC - 3 -46 -21 NC 
13 NC NC 26 2 n. - 1 NC 
- 2 NC NC 2 - 2 NS^ NC NC 
- 5 NC - 1 7 1 2 NC NC 
- 5 - 5 - 8 1 NC -n - 1 NC 
-14 -15 •» — -46 5 -47 -21 NC 
- 3 NC NC 19 - 9 -1 - 8 NS 
- 5 NS NC - 2 - 2 - 9 - 1 NC 
-12 - 4 NS - 9 - 4 5 NC 29 
-13 - 3 7 -17 -11 19 - 1 NS 
^Did not come into solution. 
^Negative sign before a figure indicates reduction in sediment production. 
CNC indicates no change from the Base level. 
dNS indicates insignificant change from the Base level. 
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slightly from 7.63 tons under the Base to 7.28 tons or 5 percent under 
Alternative 1 but by 6.63 tons or 13 percent under Alternative 2. 
Regionally, the highest level of the per acre soil loss, under the 
Base, is in Northwest (19.16 tons), followed by South Atlantic (10.42 
tons). Great Plains (9.21 tons) and South Central (8.65 tons). The 
per acre soil loss is above the national average in all four regions. 
North Central loses soil from the grazing land at the annual rate of 
7.38 tons per acre, which is slightly below the national rate of erosion 
under the Base. The Midwestern and southern states are the major con­
tributors of soil erosion from the grazable lands. 
The Southwest has a relatively low level of soil loss in the Base 
and reflects no significant change at the regional level when soil loss 
is reduced under the alternatives. This low level of soil loss for the 
more arid western region is consistent with its low annual runoff rates. 
Wind erosion is the major contributor of the sediment production rate 
in this area. There is a 29 percent increase in the per acre soil loss in 
the Southwest region under Strategy E (livestock maximized) in Alterna­
tive 2 compared to the Base. This increase is the result of concentra­
tion of livestock grazing on the poor quality land when the allowed soil 
loss is reduced in Alternative 2. 
The per acre soil loss varies extremely among the regions within a 
management strategy. The soil erosion rate also varies within a region 
among the management strategies under each alternative. 
There is a significant decline in erosion rate under the soil loss 
alternatives. But in certain regions, soil loss rate increases as the 
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soil loss restriction is imposed under the alternatives. 
As the restriction on soil loss is imposed, only the less-erosive 
lands are converted to the cropland in each region, and high erosive graz­
ing land continues to be grazed to meet the requirements. As the grazing 
intensifies on the poor condition rangeland, soil deterioration occurs. 
Soil erosion from the grazing land cannot be completely eliminated, 
because even under the best management systems, some soil loss occurs. 
Therefore, given the social desire to check soil erosion, a position 
may be chosen along the continuum of soil loss reduction possibilities 
combined with range management strategies that is capable of reducing 
the levels of erosion from grazable lands. The land use pattern and pro­
duction are affected by the soil loss restriction levels imposed and 
are considered in the following sections. 
Land use 
One important aspect of the changes in land use patterns is the 
change in acreage utilization by land classes. The data in Table 17 pro­
vide land use by the endogenous crop and range forage by land class under 
the alternative solutions. About 65 percent of the total cropland use 
comes from land class II under the Base and the use of land class II in­
creases slightly compared to the Base when the allowed soil loss is reduced. 
Total cropland acreage declines only slightly by 2 million acres 
under Alternative 1 and 4 million acres under Alternative 2 compared to 
the Base. Under Alternative 1 and Alternative 2, the utilization rate 
of the dryland portion of total cropland is reduced when compared to the 
Base. Reduced utilization of land classes III, IV and V, which are the 
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Table 17. Land use by land group in the Base and the alternative 
solutions 
Land type 
and 
land group Base 
Solutions 
Alterna­
tive 1 
Alterna­
tive 2 
Cropland 
Dryland 
I 
II 
III 
IV 
V 
Total 
Irrigated land 
I 
II 
III 
IV 
V 
Total 
U.S. total cropland 
Grazingland 
Good 
Fair 
Poor 
56.14 
188.61 
38.02 
7.29 
0.5 
290.57 
2.57 
3.52 
0.85 
0.29 
0.01 
7.24 
297.81 
73.66 
31.15 
r 66.50 
U.S. total grazing land 171.32 
million acres 
56.30 
191.31 
34.32 
6.71 
0 . 1 1  
288.75 
2.58 
3.54 
0.83 
0.29 
__a 
7.24 
295.99 
74.04 
33.40 
62.16 
169.64 
56.46 
188.08 
32.95 
7.08 
0.04 
284.61 
2.53 
5.44 
0.60 
0.30 
__a 
8.92 
293.53 
73.07 
33.67 
58.76 
165.54 
an< Did not come into solution. 
most erosive land, is specially significant. The quantity of irri­
gated land increases by nearly 2 million acres when soil loss is re­
duced. Some of these changes can be attributed to the soil loss 
restrai nt. 
Grazing land is classified by the condition classes. Grazing land 
in poor condition produces less than its natural potential and is erosive 
relative to the good and fair condition lands. Any improvement through 
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investment on land and management practices can be expected to increase 
the utilization of relatively less erosive lands because a downward 
departure from the good condition usually has a negative effect upon 
the forage supply and soil preservation. The data in Table 17 provide 
the pattern of grazing land use under the alternatives. About 43 percent 
of total acreage grazed under the Base comes from the good condition 
class. While total acreage grazed declines from the Base level of 171 
million acres to 170 million acres under Alternative 1, and 165 million 
acres under Alternative 2, the utilization of good condition land 
remains essentially unchanged. Reduced utilization of the poor condition 
land from 39 percent under the Base to 36 percent under Alternative 1, 
and 35 percent under Alternative 2, is specially significant. The de­
crease in the poor condition land shows that soil loss would lessen when 
grazing is reduced or removed from the erosive and less productive 
acreage. 
The data in Table 18 indicate the United States grazing acreages by 
the management strategies and range productivity classes for the alterna­
tive solutions. Out of 171.32 million acres grazed (Table 17) under the 
Base, 72 million acres or 42 percent are managed under Strategy B (some 
livestock), 62 million acres or 36 percent under Strategy C (extensive 
management), 14 million acres or 8 percent under Strategy D (intensive 
management), and 23 million acres or 13 percent under Strategy E 
(1ives tock maxi mi zed). 
As the allowable soil loss is reduced, total acreage declines 
slightly under Alternative 1 and Alternative 2 as compared to the Base 
Table 18. Land grazed by range management strategy and productivity class in the United 
States under the alternative solutions 
Alternatives and 
range 
productivity 
class 
Some 
livestock 
(B) 
Management strategies 
Extensive 
manage­
ment 
(C) 
Intensive 
manage­
ment 
(D) 
Livestock 
maximized 
(E) 
-million acres-
Base 
High productivity 
Moderately high productivity 
Moderately low productivity 
Low productivity 
Strategy total 
Alternative 1 
High productivity 
Moderately high productivity 
Moderately low productivity 
Low productivity 
Strategy total 
Alternative 2 
High productivity 
Moderately high productivity 
Moderately low productivity 
Low productivity 
Strategy total 
53.24 
1.38 
12.36 
5.13 
72.11 
74.26 
1.38 
1.66 
5.13 
82.43 
76.91 
1.34 
1.38 
5.09 
84.72 
28.14 
3.02 
15.46 
15.74 
62.36 
16.89 
3.02 
15.77 
15.75 
51.43 
17.16 
2.81 
14.01 
13.15 
47.13 
7.29 
3.28 
3.62 
0.15 
14.34 
6.82 
3.28 
3.53 
0.14 
13.82 
8.07 
3.23 
3.11 
NS® 
14.41 
4.78 
7.71 
10.00 
NSa 
22.51 
6.19 
6.17 
9.58 
NS® 
21.96 
5.05 
5.47 
8.75 
NS* 
19.30 
®NS indicates less than 100,000 acres came into solution. 
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(Table 17); but the intensity of management changes significantly as 
the soil loss restraint is imposed. Under Alternative 1, 49 percent 
of total acreages grazed is managed in Strategy B, and 30 percent in 
Strategy C, as compared to the Base level. No significant change in 
intensity of grazing occurs under management Strategy D and E under 
Alternative 1 compared to the Base as the soil loss is reduced. Fifty-
one percent as compared to 42 percent under the Base is managed under 
Strategy B (some livestock) when the allowable soil loss is reduced to 
T level in Alternative 2. Acreage managed at the higher intensive 
level (Strategy E) decreases as the soil loss restriction is imposed. 
When the land under the different range productivity classes is 
evaluated, it reveals that two-thirds of the acreages having high graz­
ing potential are managed under less intensive management strategies 
such as Strategy B (some livestock) and Strategy C (extensive management) 
in each of the alternatives. As the allowable soil loss is reduced 
under Alternative 1 and Alternative 2, high productivity land increases 
under Strategy B substantially, whereas the acreages having moderate to 
low grazing potential are managed under the high intensive grazing 
strategies such as Strategy D (intensive management) and Strategy E 
(livestock maximized) as the allowable soil loss is reduced under 
Alternative 1 and Alternative 2. Thus, this comparative analysis indi­
cates that more than half of the nation's total acreages grazed would 
be concentrated in less intensive strategy such as Strategy B as the 
allowable soil loss is reduced from the Base level. 
The data in Tables 19, 20 and 21 show the acreage grazed by seven 
Table 19. Acreage grazed by range management strategy and by the major zone for the Base 
Major 
zones 
Total® 
(all 
manage­
ment) 
Management strategy 
Some 
livestock 
(B) 
Extensive 
manage­
ment 
(C) 
Intensive 
manage­
ment 
(D) 
Livestock 
maximized 
(E) 
North Atlantic 
South Atlantic 
North Central 
Great Plains 
South Central 
Northwest 
Southwest 
U.S. total® 
10.28 
6.81 
36.60 
28.60 
58.61 
NS 
30.38 
171.32 
NS" 
3.2 
23.1 
16 .2  
13.5 
NS 
16.0 
72.1 
million acres 
7.6 
NS 
3.0 
7.9 
41.2 
NS 
2 . 6  
62.3 
0.5 
3.1 
1.4 
3.7 
1.7 
NS 
3.8 
14.3 
2.1  
0.4 
0.7 
2.3 
NS 
8.0 
22.5 
®Total may not add due to rounding. 
^NS means less than 100,000 acres came into solution. 
Table 20. Acreage grazed by range management strategy and by the major zone for Alternative 1 
Major 
zones 
Totaia 
(all 
manage­
ment) 
Management strategy 
Some 
livestock 
(B) 
Extensive 
manage­
ment 
(C) 
Intensive 
manage­
ment 
(D) 
Livestock 
maximized 
(E) 
million acres 
North Atlantic 9.90 Nsb 7.6 0.5 1.7 
South Atlantic 6.47 3.2 NS 2.7 0.5 
North Central 36.70 23.1 3.2 1.4 9.1 
Great Plains 28.00 15.7 7.9 3.7 0.6 
South Central 58.14 24.4 30.0 1.7 2.0 
Northwest NS NS NS NS NS 
Southwest 30.38 16.0 2.6 3.8 8.0 
U.S. total® 169.64 82.4 51.4 13.8 22.0 
®Total may not add up due to rounding. 
^NS means less than 100,000 acres came into solution. 
Table 21. Acreage grazed by range management strategy and by the major zone for Alternative 2 
Major 
zones 
Total* 
(all 
manage­
ment) 
Management strateg.y 
Some 
livestock 
(B) 
Extensive 
manage­
ment 
(C) 
Intensive 
manage­
ment 
(D) 
million acres 
Livestock 
maximized 
(E) 
North Atlantic 9.85 NS*) 7.6 0.6 1.5 
South Atlantic 7.16 3.2 NS 3.5 0.3 
North Central 32.80 22.8 1.8 1.2 7.0 
Great Plains 29.54 18.7 6.5 3.8 0.5 
South Central 55.33 23.9 28.5 1.5 1.5 
Northwest NS NS NS NS NS 
Southwest 30.84 16.0 2.6 3.8 8.4 
U.S. total* 165.55 84.7 47.1 14.4 19.3 
kO 
®Total may not add up due to rounding. 
^"Means less than 100,000 came into solution. 
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major regions in the nation for the alternatives. Each of these three 
tables indicates the acreage grazed in each major zone by management 
strategies under the alternative solutions. 
Under the Base, the North Central region has the largest acreage 
grazed, 23 million or 63 percent in the less intensive management 
strategy (Strategy B); the Great Plains follows with 16.2 million acres 
or 57 percent, and the Southwest with 16 million acres or 53 percent. 
This trend prevails when the allowed soil loss is reduced under the 
alternatives. Under Alternative 2, the total acreage managed decreases 
by 3.8 million acres from the Base level in the North Central region. 
Thus, Alternative 2 shows the grazed acreage to be reduced by 10 percent 
from the Base level to comply with the allowed soil loss level. The 
acreage grazed in the North Central remains essentially unchanged between 
the Base level of 36.6 million acres and the Alternative 1 level of 36.7 
million acres. No significant change in the intensity of overall manage­
ment occurs under Alternative 1 as compared to the Base (Tables 19 and 
20). In the Base, 63 percent of the land is grazed under management 
Strategy B (some livestock), and 25 percent under management Strategy E 
(livestock maximized), while under Alternative 2 the acreage of land 
managed at these levels of intensity changes to 70 percent under Strategy 
B and 22 percent under Strategy C in the North Central region. 
While the total acreage of Great Plains grazed remains essentially 
unchanged among the Base, Alternative 1, and Alternative 2, the acreage 
managed under Strategy B increases by 2.5 million acres or 15 percent 
in Alternative 2 from the Base level. The overall intensity of 
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management remains unchanged under the soil loss alternatives as com­
pared to the Base. 
The intensity of management decreases for the South Central regions 
under Alternative 1 and Alternative 2 as compared to the Base. Grazing 
under Strategy B (some livestock) increases by 10.9 million acres or 
81 percent and 10.4 million acres or 77 percent, respectively, under 
Alternative 1 and Alternative 2 when compared to the Base level in this 
region (Tables 19, 20 and 21). The acreage grazed under management 
Strategy C (extensive management) decreases from 41 million acres in the 
Base to 30 million acres under Alternative 1, and 28.5 million acres 
under Alternative 2. These shifts in acreage reflect a 27 percent and 
31 percent decline from the Base level. Total acreage of South Central 
decreases from the Base level as the soil loss restrictions are imposed 
under Alternative 1 and Alternative 2. The decrease in the total acreage 
in the South Central region under Alternative 1 is 0.47 million and under 
Alternative 2 is 3.28 million acres as compared to the Base level. 
Alternative 2 reveals that the land grazed under the less intensive man­
agement strategy should increase if the soil loss restriction is effec­
tive in the South Central region. 
No other regions exhibit any significant change in the intensity 
of overall management or a shift in acreage from the Base as the soil 
loss restrictions are imposed under the alternatives. The impact of 
the conditions of the soil loss alternatives on the acreage grazed and 
management strategies is worth noting in the North Central, South Central 
and Great Plains states. No other regions show a significant change in 
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the intensity of overall management or a shift in acreage from the Base 
as the soil loss restrictions are imposed. 
One notable aspect of incorporating the endogenous grazing land into 
the model is the potential cropland development. Table 22 and Figures 
11, 12 and 13 show the potential cropland development under the alterna­
tive solutions. All regions except the Southwest have the cropland 
development potential. Most of the cropland developments under the Base 
and the allowed soil loss alternatives occur east of the Missouri River 
(Figures 11, 12, and 13), where the most erosive cropland in the land 
classes IV and V are forced out of production and the grazing land is 
converted to produce the endogenous crops to meet the restraints. 
Under the Base, 43 million acres of grazing land are converted to 
cropland. The South Atlantic region has the highest level of cropland 
development, 14.4 million acres or 33 percent. The next region is Great 
Plains, 10.3 million acres or 24 percent. The North Central region con­
verts 9.9 million acres or 23 percent of grazing land to satisfy the 
regional restraints at the least-cost condition. 
As the soil loss allowed declines, the total land development 
increases by 2.3 percent under Alternative 1 and decreases by 1.4 per­
cent under Alternative 2 when compared to the Base. The regional impact 
of the soil loss restraints varies. Except the Great Plains and North­
west regions, other regions experience an increase in the cropland 
development under the soil loss restricted alternatives as compared to 
the Base. 
Table 22. Grazingland with cropland conversion potential in the year 2000 by the major zone 
under alternative solutions 
Alternatives and 
cropland 
conversion 
potential 
U.S. 
total 
Major zones 
North South North Great South North- South-
Atlantic Atlantic Central Plains Central west west 
Base 
High potential 
Low potential 
Total® 
Alternate 1 
High potential 
Low potential 
Total 
•in million acres-
18.5 
24.5 
43.0 
19.0 
25.0 
44.0 
0.7 
0.4 
1.1 
0.5 
0.4 
0.9 
5.6 
8.8  
14.4 
6.4 
9.2 
15.7 
4.1 
5.8 
9.9 
4.1 
6.0  
10.1 
5.9 
4.4 
10.3 
5.9 
4.4 
10.3 
1.1  
4.0 
5.1 
1.1 
4.0 
5.1 
1.1 
1.1 
2 . 2  
1.1 
1.1 
2 . 2  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 . 0  
Alternate 2 
High potential 17.0 0.5 5.2 4.0 2.8 4.2 0.3 0.0 
Low potential 25.4 0.4 9.0 6.0 4.4 4.6 1.1 0.0 
Total 42.4 0.9 14.2 10.0 7.2 8.8 1.4 0.0 
®Total may not add up due to rounding. 
Figures are in 
thousand acres 
Figure 11. Grazing land with cropland conversion potential in the year 2000 under the Base solution 
Figures are in 
thousand acres 
Figure 12. Grazingland with cropland conversion potential in the year 2000 under soil-loss 
alternative 1 
Figures are in 
thousand acres 
Figure 13. Grazingland with cropland conversion potential in the year 2000 under soil-loss 
alternative 2 
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National and Regional Impacts of the Soil Loss Alternatives 
on Yields, Costs and Regional Productions 
Variations in the mix of commodities produced under a specific 
alternative provide some of the most important changes in the composi­
tion of agriculture to meet the environmental demands through soil loss 
control. This section examines the impact of the soil loss alternatives 
on yields, costs and regional production advantage (disadvantage) of 
selected crops. 
Yields 
The impact of soil loss restrictions on productivity can be repre­
sented by the yield response of some selected outputs. It has been 
reported that yields are a function of the quantity of soil loss (English, 
1981). The changes in yields reflect changes in the area of production, 
in the production practices, and in the land use pattern for production 
of an endogenous output. 
The Base 2000 average national and regional yields of selected out­
puts and the percentage change from the Base for each of the alternatives 
are shown in Table 23. At the national level, feedgrains yield decreases 
slightly; decrease in yield of feedgrains is very insignificant. As 
compared to the Base, soybean yield shows a slight increase by 1.9 per­
cent in Alternative 1 and 2.3 percent in Alternative 2. The yield of 
legume hay remains unchanged in Alternative 1 and drops by 1.9 percent 
under Alternative 2, relative to the Base level. The range forage 
yield shows a decrease from the Base level by 1.5 percent under Alterna­
tive 1 and 2.3 percent under Alternative 2. The decrease in the range 
Table 23. Output yields of selected products by major zone for the Base and percentage change 
for each of the alternatives 
Alternatives 
and 
products Unit 
U.S. 
aver-
aqe 
Major zones 
North South North Great South North- South-
Atlantic Atlantic Central Plains Central west west 
Base 
Feedgrains® 
Soybeans 
Legume hay 
Nonlegume hay 
Range forage 
Alternative 1 
Feedgrains 
Soybeans 
Legume hay 
Nonlegume hay 
Range forage 
Alternative 2 
Feedgrains 
Soybeans 
Legume hay 
Nonlegume hay 
Range forage 
Bu. 
Bu. 
Tons 
Tons 
Tons 
•units per acre-
107.56 
36.38 
5.35 
15.44 
2 .66  
122.92 
31.27 
4.32 
14.37 
3.29 
137.19 
37.89 
2.92 
26.71 
5.49 
105.85 
37.10 
4.45 
14.42 
3.83 
102.04 
32.69 
5.02 
13.98 
2.74' 
66.69 
21.43 
5.73 
13.03 
2 . 2 2  
57.06 
__b 
4.96 
19.50 
2.63 
-percentage change from the Base-
85.69 
8.14 
19.05 
1.15 
Bu. NS^ NS NS NS 3.6 -5.6 NC^ -0.9 
Bu. 1.9 3.2 1.0 NS NS 8.6 — — — — 
Tons NC NC -21.9 -12.1 NC 3.1 NC -5.0 
Tons NC NC NC NS NC -1.7 NC -0.8 
Tons -1.5 -11.2 1.3 NS NS NS NC NC 
Bu. NS NS NS 1.4 1.1 -11.72 NC 2.4 
Bu. 2.3 3.2 2.0 1.0 -1.4 13.1 — - — -
Tons -1.9 NC -15.8 -10.6 2.4 -4.0 -8.67 -9.3 
Tons NC NC NC NS NC -1.7 NC NC 
Tons -2.3 -15.5 -1.4 -7.0 9.9 -4.5 NC 16.5 
^Feedgrains consist of corn, barley, oats and sorghum. 
"Did not come into solution. 
^NS indicates that there is less than a 1 percent change from the Base. 
"NC indicates no change from the Base. 
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forage yield indicates that the grazing lands are relatively less pro­
ductive. Nationally, no change in the yield of nonlegume hay occurs 
as the soil loss allowed is reduced. 
The regional impact of the soil loss restrictions on the yields of 
different outputs varies. Under the alternatives, the yield of feed-
grains increases in the Great Plain regions. This increase in the yield 
reflects the positive impact of the soil loss control measures for the 
most erosive cropland that is taken out of production under the alterna­
tives. In the South Central regions, where the converted land is not 
sufficient to offset the impact of the soil loss restriction, the feed-
grain is produced in the relatively erosive and less productive cropland 
and thus, the yield declines under the alternatives. 
The yield of legume hay decreases markedly in the South Atlantic 
and North Central regions in each of the alternatives. This is because 
legume hay is produced in the less productive cropland. The forage 
yield from the grazing land decreases or remains approximately at the 
Base level in most of the regions except the Great Plains and Southwest 
regions. Great Plains and Southwest have some productive grazing lands 
(Figure 1) that have very limited use besides grazing to sustain the 
livestock raising industry that supports the local economy. 
Costs 
Table 24 gives the average cost per acre of producing the selected 
commodities that are included in the livestock rations. Therefore, this 
study focuses on a comparative means of production of roughage from crop­
lands and grazing lands. The national average costs of producing 
Table 24. Cost per acre of feedgrains, 
the United States and by the 
legume hay, soybeans, nonlegume hay and range forage in 
major zone for each of the alternative solutions 
Alternatives 
and 
outputs 
U.S. 
total North Atlantic 
South 
Atlantic 
North 
Central 
Major zones 
Great 
Plains 
South 
Central 
North­
west 
South­
west 
Base 
Feedgrains® 
Legume hay 
SoybeansD 
Nonlegume hay 
Range forage 
Alternative 1 
Feedgrains 
Legume hay 
Soybeans 
Nonlegume hay 
Range forage 
Alternative 2 
Feedgrains 
Legume hay 
Soybeans 
Nonlegume hay 
Range forage 
•dollars per acre-
104.01 
99.01 
91.41 
143.60 
1.17 
104.29 
100.79 
92.82 
143.71 
1.14 
105.60 
103.44 
93.30 
143.89 
1.14 
136.95 
143.66 
89.35 
138.07 
2.66 
137.82 
143.66 
90.02 
137.95 
2.53 
138.33 
143.66 
92.01 
138.38 
2.49 
123.10 
141.49 
99.94 
130.32 
2.64 
123.77 
149.45 
101.59 
130.32 
2.64 
126.49 
149.07 
103.68 
130.32 
2.63 
107.72 
103.70 
90.30 
134.20 
2.36 
108.24 
104.14 
90.50 
134.64 
2.34 
109.80 
105.04 
90.51 
134.51 
2.41 
86.51 
100.26 
84.07 
152.27 
0.74 
87.21 
100.27 
83.86 
152.41 
0.72 
85.82 
102.06 
82.13 
152.46 
0.76 
82.65 
93.89 
53.23 
146.22 
0.59 
83.73 
113.26 
66.85 
140.77 
0.57 
81.61 
95.48 
85.06 
141.21 
0.53 
64.81 
103.95 
__c 
126.98 
1.34 
64.81 
103.93 
126.98 
1.34 
64.81 
101.46 
126.98 
1.34 
135.02 
222.13 
215.03 
0.40 
135.47 
176.94 
215.76 
0.40 
143.30 
138.09 
218.78 
0.47 
Feedgrains consist of barley, corn, oats and sorghum. 
"Soybean is an oil meal equivalent. 
^No production. 
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feedgrains, soybeans, legume hay and nonlegume hay increase from the Base 
to Alternative 1 and Alternative 2. These increases in the cost of pro­
duction reflect an increase in application of conservation-tillage prac­
tices which utilize more chemicals for pest and weed managements, fertil­
izers and water to increase yield. Thus, the resource use in crop pro­
duction increases. On the other hand, the average investment cost on 
grazing land to produce forage decreases from the Base as the soil loss 
restrictions are applied. This decrease, which may seem insignificant 
in dollar value, is significant in the sense that it reflects that in­
vestment is made more efficiently to maximize the forage yield at the 
minimum cost. (From the land improvement and better management points 
of view., it may have some application.) 
The regional average cost data for all products do not have a con­
sistent movement compared to the national figures. A large increase in 
the average cost to farm an acre of feedgrains occurs in the Southwest 
region, $8.28 relative to $3.39 in the South Atlantic and $2.08 in the 
North Central in the Alternative 2 compared to the Base. Under the 
Base, the highest average cost of legume hay, $222.13, is in the South­
west compared to $143.66 in the North Atlantic. The average cost of 
legume hay decreases from the Base by $45.19 or 20 percent under Alterna­
tive 1, and $84.04 or 38 percent under Alternative 2. 
The per acre cost of nonlegume hay production on the cropland ranges 
from $215.03 in the Southwest to $130.32 in the South Atlantic under the 
Base. The per acre cost of nonlegume hay remains essentially unchanged 
in all but two regions. In the South Central region, the average cost 
no 
of nonlegume hay declines from $146.22 in the Base to $140.77 under 
Alternative 1 and $141.21 under Alternative 2, respectively. 
Under the Base, the per acre investment cost of grazing production 
(forage) varies from 40^ in the Southwest to $2.66 in the North Atlantic 
where substantial investment on grazinglands is made. There are slight 
changes in the per acre investment cost of forage production in all the 
regions as the allowed soil loss is reduced. A more meaningful com­
parative cost analysis is the cost per unit of product produced. Table 
25 shows the cost per unit of selected products produced in the nation 
as well as in each of the seven major regions. 
At the national level, the cost per unit of feedgrains, soybean, 
nonlegume hay, and range forage does not change significantly. The 
per unit cost of legume hay increases slightly under the alternatives 
compared to the Base. Regionally, the per unit cost of all products, 
except feedgrains, varies when the allowed soil loss is reduced. 
Legume hay becomes less expensive to produce in the South Atlantic 
and Southwest regions under the soil loss restricted alternatives. The 
situation is different in the North Central and South Central regions. 
Legume hay becomes expensive under the soil loss alternatives. One 
plausible explanation is that the use of cropland is competitive among 
crops grown in the Central Plains states, whereas the South Atlantic and 
Southwest have substantial acreage as the cropland pasture to grow hay. 
In all the regions, range forage is the least expensive roughage 
compared to the other sources of roughage in the livestock rations. 
Table 25. Cost per unit of selected outputs in the United States and by major zone for each 
of the alternative solutions 
Alternatives 
and 
products 
U.S. Major zones 
Unit aver­ North South North Great South North­ South­
age Atlantic Atlantic Central Plains Central west west 
JJci Ull 1 L ' 
Bu. 0.97 1.11 0.90 1.02 0.85 1.24 1.14 1.58 
Tons 18.49 33.22 48.44 23.28 19.97 16.40 20.95 27.29 
Cwt 2.51 2.86 2.64 2.43 2.57 2.48 __c • -M 
Tons 0.45 0.80 0.48 0.63 0.28 0.28 0.50 0.35 
Tons 9.30 9.61 4.88 9.31 10.89 11.22 6.51 11.29 
Bu. 0.97 1.13 0.89 1.02 0.82 1.33 1.14 1.60 
Tons 18.88 33.22 65.57 26.66 20.00 16.15 20.95 22.88 
Cwt 2.50 2.79 2.65 2.42 2.57 2.44 — — - -
Tons 0.43 0.88 0.48 0.63 0.28 0.25 0.50 0.35 
Tons 9.31 9.60 4.88 9.36 10.90 11.00 6.51 11.42 
Bu. 0.98 1.13 0.93 1.02 0.83 1.39 1.14 1.63 
Tons 18.97 33.21 60.53 26.39 19.85 17.69 22.41 18.72 
Cwt 2.51 2.85 2.68 2.42 2.55 2.27 — — 
Tons 0.45 0.90 0.48 0.68 0.25 0.25 0.50 0.35 
Tons 9.32 9.63 4.88 9.34 10.91 11.03 6.51 11.48 
Base 
Feedgrains" 
Legume hay 
Soybeans'' 
Range forage 
Nonlegume hay 
Alternative 1 
Feedgrains 
Legume hay 
Soybeans 
Range forage 
Nonlegume hay 
Alternative 2 
Feedgrains 
Legume hay 
Soybeans 
Range forage 
Nonlegume hay 
^Feedgrains consist of barley, corn, oats, and sorghum. 
•'Soybean is represented in oil meal equivalent. 
CNo production. 
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Regional production 
Another important aspect of the national soil loss policies may 
be the impacts that these policies have on the different regions. The 
regional comparative advantage normally refers to advantages or dis­
advantages in production or trade which can be attributed to a specific 
region of the nation. It does not reflect changes in the relative com­
parative advantage (disadvantage) that occurs as a result of a national 
goal to preserve the nation's resource. For this reason, the term 
"regional policy advantage (disadvantage)" is used in this study so 
that the relative gains or losses that yield as a result of the soil 
loss control policy can be shown. To analyze the regional impacts of 
the policies examined, regional production and product shadow prices 
are analyzed for feedgrains, legume h^, nonlegume hay, oil meal^ and 
range forage (AUM). 
For the comparative analysis and to show the relative advantage of 
forage (AUM) use in the endogenous livestock rations, range forage 
(AUM) is converted into nonlegume hay equivalent (mentioned in Chapter 
I, page 4) and presented in tons instead of AUM in this section. 
Table 26 shows the regional distribution of crop production under 
the alternative solutions. Among the endogenous crops, feedgrains 
(barley, corn, oats and sorghum), soybeans (in oil meal equivalent), 
legume hay and nonlegume hay are selected to be analyzed for changes in 
the regional production patterns. 
^Feedgrains consist of corn, barley, oats and sorghum. 
2 Soybean is expressed in terms of oil meal equivalent. 
Table 26. Production shares of selected outputs by major zone for each of the alternative 
solutions 
Alternatives 
and 
outputs 
Major zones 
North South North Great South North­ South­
Atlantic Atlantic Central Plains Central west west 
5.3 19.2 47.0 24.0 2.5 1.8 0.2 
0.2 NSb 11.7 24.4 57.8 4.0 1.8 
2.0 30.0 60.8 5.0 2.2 __d — — 
11.4 0.5 28.3 27.2 3.0 22.8 6.7 
5.0 19.3 46.9 23.3 3.9 1.9 0.2 
0.2 NS 11.6 24.7 55.7 4.1 3.4 
2.2 30.7 61.7 4.0 1.3 — — ««•> 
11.4 0.5 27.9 27.6 2.8 23.0 6.8 
5.2 20.0 47.3 23.6 2.3 1.3 0.2 
0.2 NS 7.4 13.4 58.1 2.6 18.3 
2.0 29.63 63.28 3.97 1.1 - - «>•» 
11.4 0.6 27.9 27.5 2.8 23.0 6.8 
Base 
Feedgralns® 
Legume hay 
Oil meaic 
Nonlegume hay 
Alternative 1 
Feedgralns 
Legume hsy 
Soybeans 
Nonlegume hay 
Alternative 2 
Feedgralns 
Legume hay 
Soybeans 
Nonlegume hay 
^Feedgralns consist of barley, corn, oats, and sorghum. 
"NS Indicates Insignificant change. 
^Soybeans in oil meal equivalent. 
°No production. 
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Feedgrains^ 
The required level of feedgrains production to feed livestock and 
meet the domestic and export demands is 273,462 thousand tons. In the 
Base, the North Central has a 47 percent share of the national produc­
tion with the Great Plains and South Atlantic contributing 24 percent 
and 19.2 percent, respectively, of the total production. 
As the allowed soil loss declines, no significant change in the 
regional share of the total feedgrains production occurs in any region. 
The regional feedgrains shadow prices reflect a region's compara­
tive advantage or disadvantage in the production of feedgrains. The 
North Central and the Great Plains have a regional comparative advantage 
(Table 27). This pattern persists throughout all of the alternatives 
examined. 
The national feedgrains price in the Base, Alternative 1, Alterna­
tive 2, is 43.57, 44.28 and 44.64 dollars per ton, respectively. Thus, 
the feedgrains shadow price increases as the allowed soil loss decreases 
from the Base level. The increase in shadow price reflects an increase 
in the marginal cost of feedgrains production as soil loss declines. 
Legume hay production 
Nearly 21 million tons of legume hay are produced in each of the 
alternatives examined. In the Base solution, 0.2, 11.7, 24.4, 57.8, 4.0, 
and 1.8 percent of the 21 million tons are produced in the North Atlantic, 
North Central, Great Plains, South Central, Northwest and Southwest, 
^Feedgrains consist of barley, corn, oats and sorghum. 
Table 27. Shadow prices for feedgrains, legume and nonlegume hay by major zone for each of the 
alternative solutions 
Solutions 
^ 'ir 'Sir ^ "y ^ "r 'gr 
dollars per ton 
North Atlantic 52.14 • 26.27 8.83 52.85 25.86 8.79 53.21 26.16 9.00 
South Atlantic 46.43 49.77 7.94 47.14 48.88 8.03 48.21 49.34 8.10 
North Central 41.07 28.14 10.12 41.42 29.02 10.21 41.78 28.38 10.39 
Great Plains 41.78 25.93 12.60 42.14 26.34 12.67 42.85 26.83 12.83 
South Central 60.00 22.94 15.15 61.78 23.34 15.01 62.14 22.89 15.00 
Northwest 46.07 24.41 6.66 47.14 24.41 6.66 47.85 24.14 6.66 
Southwest 63.57 29.32 12.25 62.85 24.46 12.22 63.92 19.17 13.11 
U.S. average 43.57 24.46 10.14 44.28 24.87 10.16 44.64 23.20 10.34 
ne 
respectively (Table 26). As is reflected by these legume hay produc­
tion shares, in the Base, the South Central produces nearly 58 percent 
of the total legume hay demand in the nation. The other two major 
legume hay producing regions are the Great Plains and North Central. 
These two regions jointly share about 36.1 percent of the national pro­
duction of legume hay. In other words, 94 percent of the nation's 
legume hay demand is met by the Central and Great Plains states. This 
is consistent with the cattle raising operation that centers in these 
regions. As soil loss is reduced under the alternatives, the pro­
duction shares of the total legume hay by these three major regions 
decrease from 94 percent in the Base to 92 percent under Alternative 1 
and 79 percent under Alternative 2. The decrease of 25 percent of 
legume hay production in these regions from the Base level to Alterna­
tive 2 is highly significant and reflects the effectiveness of the soil 
loss reduction policy. Since the legume hay production is not allowed 
to move interregionally as the soil loss levels are reduced, the only 
effective measure is to reduce the erosive cropland acreage that is 
allocated to legume hay production in these erosion prone regions to 
meet the least cost criterion. 
A significant increase in legume hay production from the Base level 
of 1.8 percent of the national production to Alternative 2 level of 
18.3 percent of the national demand occurs in the South West. The in­
crease in legume hay production in this region offsets the decrease in 
the production of legume hay in the other regions markedly vrfien the 
allowed soil loss is reduced from the Base level. 
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The average U.S. legume hay shadow price is $24.46 per ton in the 
Base (Table 27). It increases by 41 when the soil loss is restricted 
at 2T level in Alternative 1 and decreases by $1.26 when the soil loss 
is restricted at T level (discussed on page 25) under Alternative 1. 
This decrease in shadow price of legume hay in Alternative 2 from the 
Base indicates that the cost of legume hay declines as the allowed soil 
loss is reduced. This change in the shadow price of legume hay, at the 
nation level, reflects that the production cost of legume hay can be 
reduced as the allowed soil loss declines. 
The South Central and Northwest regions show a slight comparative 
advantage (Table 27), The Southwest, as a result of declining level of 
soil loss (Alternative 2), gains a comparative advantage over all other 
regions. The legume hay shadow price in the Southwest declines below 
the national average under Alternative 2. The shadow prices of legume 
hay in the South Central are below the national average in each of the 
alternatives; and, thus, the South Central region receives a regional 
policy advantage with respect to the production of legume hay. 
Nonlequme hay 
The national requirement of nonlegume hay is 1.7 million tons. 
Over 50 percent of the total nonlegume hay is produced in the North 
Central and Great Plains states under the Base. The next region which 
produces a significant portion of the total nonlegume hay is the North­
west where privately owned grazingland is limited (Table 21). Since 
this crop is not allowed to move interregionally as the soil loss 
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restrictions are placed, the regional production reflects the regional 
importance of this crop for supporting the livestock industry that 
plays a dominant role in the local economy. No significant change in 
the production shares is evident in any region as the allowed soil 
loss is reduced from the Base level. 
The national average shadow price for nonlegume hay varies slightly 
from the Base level of $10.14 per ton to $10.16 per ton in Alternative 
1 and $10.34 per ton in Alternative 2 (Table 27). Unlike other crops 
analyzed, the regional nonlegume hay prices for most of the regions 
tend to move towards the average national price. The exceptions are the 
Great Plains and North West regions. The regional shadow price tends 
to increase slightly from the Base level as the allowed soil loss 
declines in the Great Plains, while it remains unchanged in the North­
west. The Northwest has the most relative comparative advantage in non­
legume hoy production from the cropland in each of the alternatives 
analyzed. 
Oil meal 
Almost 1,101 billion cwts (hundred weights) of oil meal or 3.8 
billion bushels of soybeans are produced with the North Central and 
South Atlantic producing over 90 percent of the total production in the 
Base level (Table 26). As the allowed soil loss declines as reflected 
in the Alternative 1, the regional oil meal production share for the 
North Central, South Atlantic and North Atlantic increases slightly, 
while it decreases for the rest of the regions where soybean production 
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is feasible. As the soil loss is reduced at T level compared to the 
Base in Alternative 2, the North Central gains a production share of oil 
meal by 2.5 percent, while all other regions lose their respective 
shares of the oil meal production in the Alternative 2 level. When com­
pared to other regions, gain in the share of oil meal production in the 
North Central is significant. 
The Base shadow price for a hundred weight (cwt) of oil meal is 
$7.26 per cwt (Table 28). The average national price for oil meal does 
not change significantly for Alternative 1 and Alternative 2. The 
Table 28. Shadow prices for oil meal by major zone for each of the 
alternative solutions 
Solutions 
Major zones A1terna-
tive 1 
A1terna-
tive 2 Base 
dollars per hundred weight 
North Atlantic 
South Atlantic 
North Central 
Great Plains 
South Central 
Northwest 
7.86 
7.65 
7.04 
7.20 
7.51 
__a 
7.98 
7.76 
7.18 
7.33 
7.63 
8.11 
7.91 
7.30 
7.45 
7.77 
Southwest 
U.S. average 7.26 7.39 7.51 
®Did not come into solution. 
increases in oil meal shadow price are 13^ and 25ç, respectively. Of 
course, the increase in the shadow price reflects the cost that would 
increase if the allowed soil loss is reduced from the Base level. All 
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regions except the North Central and Great Plains exhibit the regional 
oil meal shadow prices above the national average in the Base and in the 
soil loss alternatives (Table 28). The North Central and Great Plains 
have the relative comparative advantage in the oil meal production in the 
Base and also under the alternatives. 
Forage production 
The national level of range forage production is 455.2 million 
tons. The regional production shares of forage production basically 
concentrate in three potentially high productive regions that consti­
tute one of the most productive ecosystems of the nation—the Plains 
Grassland ecosystem. These regions are the North Central, South Central 
and Great Plains. These three regions jointly share nearly 77 percent 
of the nation's forage production and maintain this trend when the 
allowed soil loss declines (Table 29). This is quite consistent with 
the potentially high forage productive areas of the nation (Figure 1). 
The remaining 23 percent of forage production takes place in the North 
Atlantic, South Atlantic and Southwest. As the allowed soil loss 
declines from the Base, the Great Plains gains its share roughly by 
2.5 percent, while the North Central loses by 3.7 percent. This shift 
in the location of grazing reflects the impacts of the soil loss policy 
and the least cost efficiency. Other regions such as the South Central 
and North Atlantic lose marginally as a result of the soil loss decrease 
in the alternatives compared to the Base. Most of the grazing in the 
North Atlantic region is accompanied by an investment on land improvement 
Table 29. Forage production (AUM) shares by major zone and management strategies for each of 
the alternative solutions 
Alternatives "3)°' 
and range North South North Great South North- South-
management Atlantic Atlantic Central Plains Central west west 
Base 
Some livestock (B) 
Extensive management IC) 
I n t e n s i v e  m a n a g e m e n t  ( D )  
Livestock maximized (E) 
Regional share 
Alternative 1 
Some livestock (B) 
Extensive management (0) 
I n t e n s i v e  m a n a g e m e n t  ( D )  
Livestock maximized (E) 
Regional share 
Alternative 2 
Some livestock (B) 
Extensive management (C) 
Intensive management (D) 
Livestock maximized (E) 
Regional share 
•percentage of total production-
NS® 39.1 1.5 44.7 9.3 NS 16.2 
5.4 NS 10.5 16.5 67.8 NS 2.2 
9.2 46.3 9.0 30.5 6.2 NS 19.2 
85.4 14.5 79.0 8.2 16.7 NS 62.4 
7.4 8.2 30.8 17.2 28.7 NS 7.7 
NS 40.6 1.5 43.7 27.0 NS 16.2 
6.3 NS 11.0 17.1 52.0 NS 2.2 
9.3 41.8 9.0 32.0 6.3 NS 19.2 
84.4 17.5 78.5 7.3 14.7 NS 62.4 
6.5 8.1 31.5 17.2 28.8 NS 7.9 
NS 37.7 1.5 54.3 28.8 NS 13.7 
6.6 NS 9.0 12.8 54.0 NS 1.9 
13.0 50.9 9.3 28.5 5.9 NS 16.2 
80.3 11.2 80.3 4.4 11.3 NS 68.2 
6.4 9.0 27.1 20.7 27.2 NS 9.6 
®NS means less than 0.1 percent change. 
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and management practices. 
To be truly cost-efficient, higher management levels should be 
employed where the productive potentials are high, and lower levels of 
management should be used on lands with lower potential and poor con­
dition. The present analysis reflects this assertion nationally as 
well as regionally. The share of the regional forage production by the 
alternative management strategies within a region indicates that the 
most intensive management strategy shares the largest percentage of the 
regional forage production on fewer acres allocated to the strategy to 
meet the least cost criteria. 
More than three-fourths of the regional production of forage (AUM) 
comes from fewer acres managed intensively (Tables 19-21) under Strategy 
E (livestock maximized) in the North Central, and North Atlantic regions 
in each of the alternatives examined. This finding reflects the asser­
tion that the inherent productivity of grazing lands can be altered by 
investments in intensive management. 
In the Base, 44.7 percent of the regional forage production is 
under the management Strategy B (some livestock), 30.5 percent under 
Strategy D (intensive management), 16.5 percent under Strategy C (exten­
sive management), and 8.2 percent under Strategy E (livestock maximized) 
in the Great Plains region. As the allowed soil loss declines, the 
regional production shares change among the management strategies. 
These shifts can be attributed to the soil loss restrictions. Similar 
distribution of forage production among the strategies takes place in 
the South Atlantic region. As the allowed soil loss declines, a shift 
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in forage production under the management alternatives takes place in 
South Atlantic region. In the Base, and the alternatives. Strategy E 
(livestock maximized) shares more than 60 percent of the regional pro­
duction in the Southwest. 
The average U.S. range forage shadow price is very low compared to 
that of nonlegume hay (Table 27). It is 45^ per ton (Table 30) under 
Table 30. Grazing product (AUM) shadow prices by major zone for each 
of the alternative solutions 
Base Alterna­tive 1 tive 2 
--dollars per ton-
North Atlantic 0.30 0.28 0.30 
South Atlantic 0.48 0.48 0.43 
North Central 0.43 0.48 0.50 
Great Plains 0.13 0.13 0.13 
South Central 0.40 0.40 0.38 
Northwest 
Southwest 0.93 0.93 0.93 
United States 0.45 0.45 0.45 
the Base and the alternatives. There are no significant changes in 
the regional shadow prices for the range forage. The Great Plains has 
a regional comparative advantage (Table 29) in the range forage pro­
duction. 
Grazing production (AUM) is a relatively low consumer of energy 
related products. Forage production on range is largely a function of 
natural processes using energy from the sun, whereas grains and harvested 
roughage productions depend on the cultivation activities using the 
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high-cost fossil fuel energy and the other energy intensive factors. The 
low shadow price for forage and almost'zero shadow price for grazing 
land are the reflection of the less expensive forage production system 
on lands considered a marginal or a residual land that is left after 
more productive and valuable areas have been converted to higher 
economic uses. 
It is important to note that this study and analysis is based on 
the demand for range grazing in terms of the relationship to demand for 
food at the national level. However, since grazing as a source of 
livestock feed is geographically fixed, there are important aspects of 
the local demand for range grazing which differ from the national and 
regional demands. In general, the local demand for range grazing 
responds to the local mix and availability of other livestock feeds. 
This part of the range sector has not been fully covered in the present 
study. 
125 
CHAPTER V. SUMMARY AND CONCLUSIONS 
Livestock grazing has been the most commonly recognized use of 
range resources; however, society is becoming more concerned about range 
grazing and its associated environmental effects on soil erosion, run­
off, on-site sediment production and consequent downstream impacts. 
The study examines the relationship of livestock grazing to the erosion 
rate, and the interaction among the crop sector, livestock sector, and 
the range sector. These sectors function as a complex economic unit in 
the sense that problems of agricultural production are integrally re­
lated to the effects originated within the agricultural economic system 
as a whole. In addition, this study examines the economic and environ­
mental impacts of various range management strategies under the national 
soil loss policy. 
Three solutions are examined for the year 2000. The Base solution 
is an unconstrained soil loss solution under a moderate demand-supply 
situation and it is compared to other alternative solutions obtained at 
two different levels of soil loss. Once the Base solution is obtained, 
soil losses are restricted to 2T and T levels. Each alternative tested 
was measured against broad soil loss policy objectives of the nation. 
A regionalized linear programming model, used in this study, is national 
in scope. The objective function is subject to a set of constraints 
and a set of activities. The constraints are the availability of crop­
land, potential grazing land, water resource, fertilizers, livestock 
products, and regional commodity demands. These constraints are defined 
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either at the producing area, potential natural plant communities, water 
supply region, market region, or national level. The set of activities 
includes endogenous crop production activities, grazing production 
activities, water resource activities, nitrogen buy activities, live­
stock product activities, commodity transportation activities, range 
forage to nonlegume hay conversion activities, cropland development and 
conversion activities. These activities simulate comodity production 
and resource requirements through crop and range management practices. 
Response to Changing Soil Loss Levels 
There are numerous responses to changing levels of allowed soil 
loss available to the agricultural sectors. These include: changes in 
the quantity of cropland and grazing land used to meet the predetermined 
demands for agricultural commodities; changes in the crop production 
methods (dry or irrigated) or in the range management strategies (less 
intensive or more intensive grazing); changes in crop management prac­
tices; and changes in the land groups on which a particular crop is 
grown. Total cropland used declines by 4.28 million acres from the Base 
as the allowed soil loss declines in the Alternative 2. Irrigated crop­
land increases by 1.7 million acres, while dryland acreage decreases by 
5.96 million acres under Alternative 2 compared to the Base level. This 
change in the cropland acreage reflects a shift in the crop production 
from drylands to irrigated lands in the western regions of the United 
States. Under the Base, 43 million acres of grazing land are converted 
to cropland. As the soil loss allowed declines, the total cropland 
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development increases by 2.3 percent under Alternative 1 and decreases 
by 1.4 percent under Alternative 2 as compared to the Base solution. 
As the allowed soil loss declines under Alternative 1 and Alterna­
tive 2, soil loss from cropland reduces by 33 percent and 49 percent 
from the Base, respectively. On a per acre basis, soil loss from crop­
land decreases markedly from 4.82 tons under the Base to 3.22 tons 
under Alternative 1, and 2.49 tons under Alternative 2. Reduction in 
soil loss in some land capability classes is significant as the soil 
loss restrictions are imposed under the alternatives. 
Total lands grazed decline from 171.3 million acres in the Base to 
165.6 million acres under Alternative 2 as grazing shifts to the more 
productive areas and investments on grazing lands are made efficiently. 
The impact of the soil-loss restricted alternatives on the grazing 
acreage managed under the different management strategies varies among 
the regions. The acreages grazed tend to concentrate in two of the four 
management strategies in almost every major region as the allowed soil 
loss is reduced from the Base level. Whenever land grazed is in the 
poor condition and moderate to low productivity class combinations, 
grazing management Strategy B (some livestock) or management Strategy C 
(extensive management) is required to meet the least-cost criteria and 
the allowed soil loss levels. On the other hand, the acreages classi­
fied as good to fair conditions and high to moderately high productive, 
become devoted to higher intensive management strategies such as Strategy 
D (intensive management) and Strategy E (livestock maximized) as the 
allowed soil loss levels are reduced. These shifts in the grazing 
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management indicate that the cost efficiency and productivity can be 
achieved through the implementation of better management practices and 
the efficient investment on the grazing land. 
The reductions of soil loss from the grazing land under the two 
soil loss restricted alternatives are 6 percent and 10 percent, 
respectively, compared to the Base level (the unrestricted soil-loss 
solution). Generally, as the soil loss levels are reduced from the 
Base level, the per acre soil loss in each combination of the range con­
dition class (good, fair, and poor grazing land) and management strategy 
(less or high intensity of grazing) declines with few exceptions. In 
some combinations, the per acre soil loss increases as the allowed soil 
loss declines under the alternatives. An increase in the quantity of 
erosive lands being grazed under these combinations occurs when soil 
loss is reduced from the Base level. 
National and Regional Impacts Resulting from the 
Allowed Soil Loss Changes 
Yield response 
Yield response to the changing soil loss levels varies. Nationally, 
for most crops, as the allowed soil loss declines, a slight variation in 
yields occurs compared to the Base level. The soybean yield shows a 
slight increase under the alternatives as soil loss is reduced from the 
Base level. 
The yield of range forage (AUM) declines as the soil loss levels 
are restricted in the alternatives. This decline in the yield of range 
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forage indicates that the acreage grazed, in general, is poor quality 
and erosive land compared to relatively less erosive and prime lands in 
the cropland base. The regional impact of the soil loss restrictions 
on the yields of different outputs varies. 
The yield of feedgrains increases in the Great Plains: states as 
the soil loss levels decline in the alternative solutions compared to 
the Base (unconstrained soil-loss solution). These increases in the 
yield reflect the positive impact of soil loss control measures, for 
most of the erosive croplands are taken out of production under the 
alternatives. In the South Central region, the yield of feedgrains 
declines since these crops are grown on relatively erosive lands as 
soil loss is decreased. The yield of legume hay which is produced on 
the relatively erosive cropland declines in the South Atlantic and North 
Central regions when the allowed soil loss levels are reduced under the 
alternatives. The yield of forage (AUM) from the grazing land decreases 
or remains virtually unchanged in most of the regions except the Great 
Plains and Southwest where the yield of forage increases as soil loss 
is reduced to the T-level under Alternative 2. The increases in the 
yield of forage in these two regions indicate a shift in the grazing 
location on the more productive and less erosive land within each of 
these two regions. 
Cost response 
The national average cost of production of feedgrains, soybeans, 
legume hay and nonlegume hay increases as the allowed soil loss levels 
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decline from the Base level. These increases in the cost of produc­
tion indicate an increase in the application of conservation-tillage 
practices and the use of energy intensive inputs such as fertilizers 
to increase yields. On the other hand, the average investment cost on 
the grazing land decreases as the soil loss restrictions are applied. 
Nationally, the cost per unit of feedgrains, soybeans, nonlegume hay, 
and range forage does not change significantly as the allowed soil 
loss levels are reduced. The per unit cost of legume hay increases 
slightly under the alternatives compared to the Base. Regionally, the 
per unit cost of all products varies when the allowed soil loss is 
reduced. 
When the allowed soil loss is reduced, legume hay becomes less 
expensive to produce in the South Atlantic and Southwest regions. In 
all the regions, range forage is the least expensive source of roughage 
in the livestock rations under the soil loss control alternatives. 
Production response 
Regional changes resulting from the modifications of the allowed 
levels of soil loss including the changes in production shares, in 
shadow prices, and regional policy advantage (disadvantage) are 
examined for feedgrains, oil meal, legume hay, nonlegume hay and range 
forage. These changes indicate the regional impacts that occur as a 
result of a mandatory change in the levels of soil loss. 
The North Central region produces 47 percent of the national feed-
grains production with the Great Plains and South Atlantic contributing 
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24 percent and 19.2 percent, respectively, of the total production in 
the Base solution. As soil loss is reduced to the levels indicated 
in the alternatives, no significant change in the regional shares of 
total feedgrains production occurs. The North Central and Great Plains 
regions are the only regions that show the regional comparative 
advantage in feedgrains production. 
The national feedgrains price in the Base, Alternative 1, and 
Alternative 2 is $43.57, $44.28 and $44.64 per ton, respectively. The 
change in the allowed soil loss levels from the Base increases the feed-
grains shadow price slightly. 
Over 20 million tons of legume hay are produced in each of the 
alternatives. In the Base solution, with a national shadow price of 
$24.46 per ton, the Great Plains and South Central regions produce over 
82 percent of the total legume hay. As the soil loss is reduced under 
the alternatives, the production share of the total legume hay decreases 
in most of the regions except Southwest where legume hay production 
increases significantly. 
The South Central and Northwest regions show the relative compara­
tive advantage in legume hay production. The Southwest region gains a 
comparative advantage in legume hay production over all other regions 
as a result of declining soil loss under the alternatives. 
Under the Base solution, over 50 percent of the total nonlegume 
hay is produced in the North Central and Great Plains states. The 
national average shadow price for nonlegume hay varies slightly from 
the Base level of $10.14 per ton to $10.16 per ton in Alternative 1, 
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and $10.34 per ton in Alternative 2. No significant change in the 
regional production shares is evident when the soil loss levels are 
reduced. The Northwest region has the most relative comparative 
advantage in nonlegume hay production. 
The North Central and South Central regions jointly produce over 90 
percent of the total oil meal demand in the nation. Under Alternative 
2, the North Central region gains 2.5 percent share of the total oil 
meal production relative to the Base level, while other regions lose 
their respective shares of the total oil meal production in Alternative 
2 level. 
The average shadow price for oil meal does not change from the 
Base level significantly as the allowed soil loss levels are reduced in 
the alternatives. The North Central and Great Plains regions exhibit 
the relative comparative advantage in oil meal production. 
About three-fourths of the national forage (AUM) production is 
concentrated in the North Central and Great Plains states. As the 
allowed soil loss declines from the Base level, the Great Plains region 
gains its share of the total forage production roughly by 2.5 percent, 
while the North Central loses by 3.7 percent. This shift in the loca­
tion of grazing reflects the impact of the soil loss restrictions. 
Other regions lose their shares of the total forage production marginally 
as a result of a declining soil loss under the alternatives compared to 
the Base. 
More than three-fourths of the regional forage production is under 
Strategy E (livestock maximized) in the regions such as the North Central 
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and North Atlantic in each of the alternative solutions examined. As 
the allowed soil loss declines, the regional forage production shares 
change among the management strategies within a region. 
The average shadow price for forage remains essentially unchanged 
as soil loss is reduced from the Base level. The Great Plains has a 
regional comparative advantage in the forage production. 
Implication of the Study 
It must be recognized that the model described in this study is an 
initial elementary representation of a complex physical environment and 
economic system and as a model it is a simplification. Additional re­
search may refine and augment this model at points in the future. How­
ever, some important conclusions that might have bearing on the develop­
ment of soil loss control policies can be drawn from this analysis. 
The objectives of this study were to evaluate the relationship of 
livestock grazing to the soil erosion rates, and the interaction among 
the crop sector, livestock sector, and range sector. With these objec­
tives in perspective, this study has attempted to demonstrate that an 
analysis which simultaneously considers the environmental impacts on 
various outputs produced and resources used in the crop sector, live­
stock sector and forest-range sector increases the level of understand­
ing of the various changes and the interactions that occur within an 
agricultural system when the soil loss restrictions are imposed. 
The soil loss alternative solutions indicate that the soil loss 
from the cropland and grazing land can be reduced substantially from 
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the unconstrained level. These reductions in soil loss will increase 
the land productivity and preserve basic natural resources for a sus­
tained supply of food and fiber for human consumption in the future if 
the soil loss reduction policy is implemented on both the cropland and 
grazing land. 
This analysis indicates that grazing use of rangeland would mark­
edly decrease the pressure on the more,.fragile croplands used to produce 
roughage for the livestock consumption. The study shows that, as soil 
loss is reduced, the more erosive cropland leaves agricultural produc­
tion and is left idle, while a substantial amount of the grazing land 
is converted to cropland to offset the acreage forced out of crop pro­
duction because of the excessive erosion rates. Thus, land set-asides 
or land retirement schemes are likely to reduce soil erosion from the 
agricultural land. In the past, these policy actions have encouraged a 
reduction in marginal lands under agricultural production. 
As soil loss is restricted, a shift in the range management 
strategies indicates that a policy which discourages abuse of rangeland 
for livestock grazing at the expense of other factors such as degrada­
tion of land resources would result in significant reductions of soil 
erosion from the forest-range land. Possible incentives to maintain a 
high quality range environment include: emphasis on education; encourage­
ment and financial support in the form of a subsidy; or tax credits for 
an investment on the soil conservation and land improvement practices. 
These incentives, in turn, may lead to an efficient cattle raising 
operation fully consistent with the environmental policy goal of the 
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society. 
This study shows that an opportunity exists to improve grazing 
management without damaging the forest-range environment on areas where 
forage productivity potential is high. However, in some regions where 
the acres grazed are relatively erosive and of poor condition, soil loss 
can be lessened if grazing management shifts from the higher intensive 
strategy to a less intensive strategy. An improvement of the management 
strategy and better understanding of the forest-range environment through 
a systematic and comprehensive effort would increase significantly the 
grazing productivity and minimize the adverse impact of grazing on land 
resources- Furthermore, it is evident from this study that the benefit 
of controlling the soil erosion (sediment production), while managing 
the range resource at the most cost efficient level, would reduce sig­
nificantly the social as well as private costs of maintaining the 
natural environment and preserve resources for the future. 
It is evident that the environmental constraints (soil loss restric­
tions) and the higher energy costs will have an impact on the range improve­
ment and vegetation manipulation. While it is evident that the soil loss 
control policy, if implemented, can be expected to increase the cost of 
red meat to the consumer, it is not certain to what degree the mix of 
the grains, pasture and range used will be affected. The general con­
clusion, however, is that the environmental constraints (.soil loss con­
trol measures) will improve the economic advantage of grazing relative 
to grains and harvested roughage as sources of livestock feed. 
Finally, this study provides a point from which other more detailed 
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policy analyses may begin. Whatever type of policy analysis is pro- . 
posed, a national environmental analysis of a large-scale model similar 
to this one could provide additional information on the transformation 
imposed on agriculture. However, this study does reveal several 
important implications of interest from the range management and broad 
policy application points of view. 
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